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FOREWORD 


The  Fifth  Annual  Report  cf  the  Air  Force  M ac h  i  n a b  i  1  i  t y  Data 
Center  (AFMDC)  coders  work  performed  under  Contract  F 3 3 6 1 5 - 
69-C-1112  from  October  1,  1968  through  July  31,  1969.  The 
work  described  in  this  report  covers  that  accomplished  under 
project  no.  9M  810/8975.  It  also  cites  statistics  covering 
the  4-3/4  years’  that  AFMDC  has  been  in  operation.  This 
Center  is  operated  for  the  Air  Force  Materials  Laboratory, 
by  Metcut  Research  Associates  Inc.,  3980  Rosslyn  Drive, 
Cincinnati,  Ohio  45209. The  manuscript  was  released  bythe 
author,  John  Marar. chik,  Jr.,  Director  of  AFMDC,  in  October 
1969  for  publication  as  an  AFMDC  Report. 

This  effort  is  being  administered  under  the  direction  of  the 
Air  Force  Materials  Laboratory,  W r  i  g h t - P a t t e r so n  Air  Force 
Base,  with  Mr.  E.  L.  Horne  ( M  A AM  )  as  project  engineer. 

The  author  wishes  to  acknowledge  the  contribution  by  Mrs. 
Charlotte  Crockett  who  assisted  in  the  preparation  of  this 
publ  ication. 

Your  comments  are  solicited  on  the  potential  utilization  of 
the  Air  Force  Mach  inability  Data  Center  as  applied  to  your 
present  or  future  production  programs. 

This  report  has  been  reviewed  and  is  approved. 


Edward  Dugger 
Chief,  Materials 
Materials  Support 


Information 

Division 


Branch 


Air  Force  Materials  Laboratory 


✓ 


i  i 


ABSTRACT 


FIFTH  ANNUAL  REPORT  OF  THE 
AIR  FORCE  MACHINABILITY  DATA  CENTER 

John  Maranchik,  Jr. 


This  is  the  Fifth  Annual  Report  of  the  Air  Force  Machinabil ity  Data 
Center  covering  period  October  1,  1968  through  July  31,  1969  (Contract 
F33615-69-C- 1112) .  Three  thousand  and  seven  hundred  and  eighty  (3,780)' 
documents  were  processed  from  which  33,868  cards  were  key  punched.  Cur¬ 
rently,  there  are  19,721  evaluated  documents  and  149,951  punched  cards 
in  AFMDC  files.  One  thousand  and  one  hundred  and  forty  one  (1,141) 
specific  inquiries  were  answered  for  520  different  organizations,  rep¬ 
resenting  753  individuals  in  106  different  SIC  categories  in  this  10- 
month  period.  The  average  number  of  inquiries  was  114  per  month.  Since 
the  Center’s  operation  began  in  October  1964  a  total  of  4,456  specific 
inquiries  have  been  processed. 

The  average  cost  of  inquiries  equaled  *55.19  per  inquiry. 

The  data  acquisition  plant  visit  program  was  continued  and  since  late 
1966,  56  visitations  have  been  made,  primarily  to  aerospace  firms. 

Statistics  are  presented  on  cost  savings  by  AFMDC  Users.  Through  July 
31,  1969  it  has  been  estimated,  very  conservatively,  that  these  pavings 
amount  to  *45,093,500.00. 

A  summary  is  presented  of  AFMDC’ s  proposed  output  recovery  cost  plans. 

Work  continued  on  investigating  relationships  between  machining  vari¬ 
ables  and  work  materials. 

This  abstract  has  been  approved  for  public  release  and  sale;  its  dis¬ 
tribution  is  unlimited. 
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PREFACE 


This  report  covers  a  10-month  period  of  operation  from 
October  1,  1968  through  July  31,  1969.  It  is  presented 
primarily  in  the  form  of  individual  charts  which  are  self 
explanatory  with  regard  to  organization  of  the  Center  and 
the  results  of  its  efforts,  including  costs.  For  each  in¬ 
dividual  chart,  the  Appendix  provides  some  further  com¬ 
ments  concerning  various  aspects  of  AFMDC  during  its  fifth 
year  of  operation. 

For  a  complete  analysis  of  the  progress  made  by  the  Center 
from  its  early  inception  to  the  present,  the  following  five 
references  should  be  reviewed: 


‘‘Final  Report  on  the  Design  of  a  System  for 
Collecting,  Evaluating  and  Disseminating  Ma- 
chinability  Data  for  Aerospace  Materials’’, 
Technical  Documentary  Report  Nr.  ASD-TDR-63-572, 
July  1963,  AD-416743. 

‘‘First  Annual  Report  of  the  Air  Force  Machin- 
ability  Data  Center’’,  AFMDC  65-2,  February 

1966,  AD-482278. 

‘‘Second  Annual  Report  of  the  Air  Force  Machin- 
ability  Data  Center’’,  AFMDC  66-4,  February 

1967,  AD-813037. 

‘‘Third  Annual  Report  of  the  Air  Force  Machin- 
ability  Data  Center’’,  AFMDC  67-8,  February 

1968,  AD-829879. 

‘‘Fourth  Annual  Report  of  the  Air  Force  Machin- 
ability  Data  Center’’,  AFMDC  68-6,  October  1968, 
AD-844920  . 
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PHOTOGRAPH  OF  AFMDC 


To :  Recipients  of  AFMDC's  Fifth  Annual  Report 


Correspondence  concerning  this  Fifth  Annual  Report 
should  be  sent  to  Mr.  Robert  E.  Snider,  the  new  Director 
of  the  Air  Force  Machinability  Data  Center  (AFMDC), 

On  November  20,  1969,  Metcut  Research  Associates  Inc. 
accepted  the  resignation  of  Mr,  John  Maranchik,  Jr.  , 
as  Director  of  AFMDC  and  as  an  employee  of  Metcut. 

Mr.  Snider  has  had  37  years  of  experience  in  the  field 
of  machining  and  manufacturing,  including  13  years  at 
North  American/ Columbus  in  manufacturing  engineer¬ 
ing  and  supervision.  He  has  served  as  a  machining  data 
analyst  and  supervisor  of  technical  inquiries  since  com¬ 
ing  to  AFMDC  in  1964.  In  August  of  this  year,  he  was 
appointed  Assistant  Director.  His  various  duties  at  the 
Center  have  given  him  a  good  insight  into  the  problems 
of  information  technology,  particularly  those  relating  to 
material  removal. 

Mr.  Snider  will  report  to  Dr.  John  F.  Kahles,  Vice 
President  and  Director  of  Information  Technology.  Dr. 
Kahles  developed  the  machining  data  center  concept  at 
Metcut,  directed  the  design  study  leading  to  the  estab¬ 
lishment  of  AFMDC,  and  served  as  its  first  Director, 

AFMDC's  pioneering  in  machining  information  services 
has  attracted  worldwide  attention  and  has  already  stimu¬ 
lated  design  studies  for  machining  data  centers  in  coun¬ 
tries  such  as  England,  Germany  and  Japan.  Under  Mr. 
Snider's  direction,  we  expect  to  continue  our  close 
working  relationships  with  the  material  removal  industry 
in  the  United  States  and  even  to  enhance  the  scope  of  our 
services  currently  being  funded  by  the  Materials  Informa¬ 
tion  Branch  of  the  Air  Force  Materials  Laboratory  under 
Contract  F33615-69-C-1112. 

Michael  Field,  President 

Metcut  Research  Associates  Inc. 


November  1969 


DESCRIPTION  OF  AFMDC 


AIR  FORCE  MACH  INABILITY  DATA  CENTER,  39BO  Ross lyn  Drive,  Cincinnati,  Ohio  45209. 
Operated  for  the  Air  Force  Materials  Laboratory.  Materials  Support  Division,  under 
Contract  F33S15-S9-C-! 1 12,  by  Metcut  Research  Associates  Inc. 

SCOPE 

The  Air  Fore*  Machinabi I i ty  Oat*  Canter  (AFMDC)  collects,  evaluates,  stores,  and  disseminates 
material  rtaovai  information  Including  tpaeific  and  datallad  machining  data  (or  t ha  benefit  ol 
industry  and  govorment.  Strong  omphaaia  is  given  to  angin**ring  evaluation  lor  tha  purpose 
o<  developing  optimized  oateriel  raaovoi  peramatera,  euch  e«  epeede,  l»»de,  depth*  of  cut, 
tool  material  end  gaoaetry,  cutting  tluide  and  other  aignificent  variablaa.  Data  ara  baing 
procassad  (or  all  typaa  ol  aatorialf  and  for  all  kind*  of  aatarlal  raaovoi  oporotiona  auch  at 
turning.  Billing,  drilling,  tapping,  grinding,  electrical  discharge  nachining,  al act rochtalcol 
aachining,  otc. 

COLLECTION 

AFMDC  hat  a  mechanized  systan  in  ahich  punch  cardt  ara  utld  to  ttore  and  ratriavo  all  typaa  of 
material  reaoval  inforaation  including  all  significant  numerical  data.  An  IBM  1130  coaputing 
systan  is  being  used  for  storing  and  precasting  data  iron  a  master  card  and  disk  file  and  far 
computer  decoding.  The  focal  concept  fer  acquisition,  intlrrogat ion,  or  presentation  at  infor¬ 
mation  is  the  specific  notarial  (with  definite  chemical,  physical,  or  nachanical  properties) 
and  the  specific  material  removal  operation  baing  used.  Ihan  necessary,  card  tourca  control 
codes  nay  bo  used  to  retrieve  original  documanta  ahich  are  in  document  storage  at  AFMDC. 

INFORMATION  SERVICES 

AFMDC  place!  strong  emphasis  on  providing  specific  and  detailed  answers  to  technical  inquiries 
in  the  fiold  ol  material  removal,  a  User  File,  consisting  of  important  users  in  ths  field  of 
malarial  renoval,  has  bean  dev*lr.,u  to  receive  inforaation  produc.t  including  nachining  data 
oanphlsts  end  tables  on  aatrrieis  ol  currant  interest,  atata-of-tho-ort  report*,  technical 
announcements,  and  other  appropriate  Itoas.  Services  are  availsbli  without  charge  to  tho 
aorospaca  industry,  Department  of  Defenaa  (including  all  of  tha  ailitary  tarvlcaa  and  t hai  r 
contractors),  and  other  government  agencies,  technical  i  net  I  tut  I  one,  and  non-allltaty 
industries  in  a  position  to  aaaiat  the  dofonto  effort. 

TO  REQUEST  MACHINING  INFORMATION  . 

Toiophono:  513-271-9510 

TIX:  810  481-2340  or 

(rite:  Air  Force  Mach i nab i I i t y  Data  Center 

3980  Rosolyn  Drive 
Cincinnat i,  Ohio  45209 

TO  HELP  US  ANSWER  TOUR  INQUIRY,  IF  P0SSI8LE  PLEASE: 

1.  Identify  the  notorial  being  machined  (specification  or  tradename);  condition,  (as  cast , 
hot  rolled,  cold  drawn,  annealed,  quenched  and  tempered,  etc.);  a  I C  tot  t  rue  •  u  ro  and 

hardneai, 

2.  identify  the  notarial  reaoval  operation  in  quottion  (turning,  milling,  drilling,  tapping, 
surface  grinding,  electrical  discharge  machining  (EDM),  electrochemical  machining  (EQI), 
etc.). 

3.  Spacify  reasons  for  requiring  data  unlttt  your  noidf  art  proprietary.  This  enables  AFMDC 
to  Lroedon  the  scope  of  its  technical  advice. 

4.  Spacify  dal (vary  raqui ronanta. 

5.  Indicate  to  whom  tho  inquiry  ropiy  should  bo  sant. 

8.  Transmit  all  detail*  concerning  praaint  practical,  Including  foods,  apaoda,  cutting  tool 
material  and  gaoaetry,  cutting  fluid*,  otc..  In  tho  ovint  your  Inquiry  pertain*  to 
improvement  of  an  existing  aachining  situation. 


NOTE;  Association  of  the  names  of  companies  and  individuals  with  specific  requests  is  kept 
confidential.  However,  data  developed  remain  the  property  of  AFMDC  for  dissemination  as 
required  for  answering  similar  inquiries  and  far  developing  data  products. 


SEE  APPENOIX.  PASE  A-1 
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AFMDC  ORGANIZATION  CHART 
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AFMDC  OPERATIONAL  AREAS 


At  AFHPC,  personnel  shown  in  Figure  1,  page  2,  work  in  ten  functions)  areas  of 
operation.  These  are  indicated  below  along  with  the  numbers  used  for  time  coding 
purposes: 


1  Administration 


Administration  of  technical  and  general 
activities  of  AFMDC 


2  Engineering  Supervision 

3  Systems  Analysis 

4  Machining  Data  Analysis 

5  Data  Processing 

6  Data  Control 

1  Document  Acquisition  and 

Document  Storage 

8  Data  Dissemination 

9  Machining  Data 
Verification  - 
Experimental  Machining 

0  Secretarial  and  Clerical 


Technical  activities  including  all  mech¬ 
anized  handling  of  data  and  processing 
of  inquiries 

Design  of  the  inach inability  data  system, 
particularly  processing 

Technical  evaluation  of  machinabi I i ty 
data  and  information  including  Prelimi¬ 
nary  Screening 

Operation  of  a  mechanized  system 
including  a  computer 

Super  imposition  and  use  of  controls 
to  guarantee  proper  operation  of  data 
processing  system 

Acquisition  of  all  types  of  data  and 
information  for  processing.  Storage 
of  documents  including  those  which  have 
received  Final  Technical  Evaluation  and 
those  in  process 

Dissemination  including  duplication  and 
printing 

Laboratory  and  shop  work  necessary  lor 
resolving  highly  significant  and  contro¬ 
versial  data  situations 

Development  and  execution  of  all  proce¬ 
dures  relating  to  typing  and  filing 


see  appendix,  page  a-2 
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AFMOC  OPERATIONS  CHART 


SYSTEM  INPUT 
(DOCUMENTS) 


Documents  are  broadly  or»  imcc  *s  »ny 

MEDIUM  CONTtIMIMr.  MlfHlMN-', 

INFORMAT i ON, 


SYSTEM  ANALYSIS 


Operations  are  controlled  and 
MODIFIED  As  REQUIRED  By  AfMDC 
SvS’lUS  ANALYS I S . 


ACQUIS  I TIOM 
-  SOURCES  - 

Current  Periodicals 
Defense  documentation 
Center  (DOC) 

National  Aeronautics  6 
Space  Administration 
(NASA) 

Clearinghouse  for 
Federal  a  scientific 
Technical  Information 
Atomic  Energy  Commission 
(AEC) 

Defense  metals  Informa- 

T ION  CENTER  (DMIC) 
Manufacturing  Plants 
Technical  Meetings 
Books,  catalogs.  House 
organs 

Inquiries  Processed  at 

AFMDC 


DOCUMENT  CONTROL 

ahy  DuiuMtNT  Control  Forms  are  filled 
AND  ATTACHED  TO  ALL  DOCUMENTS, 


PRELIMINARY  SCREENING  (PS) 

DOCUMENTS  CONTAINING  machIn|nG  INFORMATION 
AND  DATA  ARE  SELECTED.  By  REVIEWING  MUL T I - 
SUBJECT  PERIODICALS,  DOCUMENTS  CONTAINING 
MACHINING  INFORMATION  ARE  IDENTIFIED  AND 
REPRODUCED.  IN0«VI0UAL  ARTICLES  ARE  THEN 
attached  to  Sclondary  document  Control 
forms . 


FINAL  TECHNICAL  EVALUATION  (FTE) 

Documents  containing  oetailcc*  Oata  are 

EVALUAfEO  AND  CODED  for  CARD  STORAGE, 


Cards  result  « ng 

DATA  PROCESS  1 NG 

FROM  PROCESSING  ARE  PUNCHED  AT  THIS  POINT, 

PREL IMI NARY 

Screening 

Final  TECHNICAL 
Evaluat i ON 

EOuipment  Used 

Potential  Source 
of  Information 

B  1  BL 1 OGRAPHY 

Index 

Numerical  Data 

Tool -Cutting 

Fluid 

Un i term 

Aperture 

Data  link 

T 1 CXLER 

.  Keypunch 

VER  i  F  i  ER 

Sorter 

IBM  1 130  Computer 

PUNCH  CAPO 
STORAGE 

Master  carl 
files  are 
ma intainEd 
TO  CREATE 
ANO  UPDATE 
COMPUTER 
OISX  FILES 


BISK  STORABE 


Disk  files  of 
Uniterm,  Index 
and  i nou  i  ft t 
Data  are  used 

FOR  SEARCHING 
F  11  E5  TO  ANSWER 
I  NQU  I  R I E  S ■ 


document  storage 

Actual  Documents 
are  stored,  when 
SPACE  LIMITATIONS 
ARE  ENCOUNTERED. 
MICROFILM  WILL  BE 
USES.  Nonsignifi¬ 
cant  MACHINING 
DOCUMENTS  ARE  NOT 
STONED,  HOWEVER, 
the  Document  con, 
trol  Forms  for 

THESE  ARE  RETAINED 
in  Document 
Storage. 


INDUSTRY  AND 
GOVERNMENT 
ASSISTANCE 

Direct  contact  is 
made  BY  The  Machin¬ 
ing  Data  Analyst  of 
AFKCC  with  techni¬ 
cally  qual i f ied  men 
IN  INDUSTRY  ANO 
Government  whenever 
Information  and  data 
are  not  Available 
from  document  or 
Caro  Storage. 


3.  GENERAL  DISSEMINATION 
OF  MACHINING  INFORMATION 


Publication  in  Periodicals 
Technical  Meetings 
Committee  Meetings 
Conferences 
Expos i t  i  on$ 

AFMK  Vi  5  i  tors 
Plant  visits 

Materials  Support  Division 
(sponsor  of  AFMDC) 


FIGURE  2 
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AFMOC  OPERATIONS  CHART 


SYSTEM  ANALYSIS 


OPERATIONS  *ftt  COM  TROLLED  AMD 
MODIFIED  AS  MEDuifiEO  6Y  AFKOC 
SYSTEMS  ANALYSIS. 


SYSTEM  OUTPUT 


SCREENING  (PS) 

pc  MACHINING  INFORMATION 
I E 0  .  Dv  REVIEWING  MOLT  I - 

[,  DOCUMENTS  CONTAINING 
ON  ARE  IDCNTifICO  AND 
DUAL  ARTICLES  ARE  THEN 

kRy  Document  Control 


L  EVALUATION  < FTE) 

»G  DETAILED  DATA  ARE 
J  FOR  CARO  STORAGE, 


:tpunch 

■  R I f  I CR 
)RTER 

AM  1130  Computer 


INDUSTRY  AND 
GOVERNMENT 
ASSISTANCE 

DIRECT  CONTACT  IS 
MADE  8Y  THE  MACHIN¬ 
ING  Data  Analyst  of 
AFMDC  WITH  TECHNI¬ 
CALLY  OUAL IF  I  CO  MEN 
IN  INDUSTRY  AND 
Government  whenever 
Information  and  data 

ARE  NOT  AVAILABLE 
from  Document  or 
Caro  Storage:. 


CONSi  sts  OF  s 

1.  Answering  Specific  inquiries. 

2.  Producing  Co  prehensive  Data  Products 

OF  SPECIFIC  AND  TiMLlY  INTEREST  TO 

iftoustRv  and  Government. 

3.  General  Dissemination  of  Machining 

i NF  ORUAT  I  on . 


njuijuurwriia 


Inquiries  originate  from: 

I NDUSTRY 

Government 

EOUCAUCNRL  INSTITUTIONS 
Technical  Societies 
INFORMATION  CENTERS 


INQUIRY  CONTROL 

InOIMHICS  ARE  logged  :n.  All  necessary  INFOR¬ 
MATION  IS  ENTERED  ON  AN  INQUIRY  CONTROL  FORM. 
The  FOLLOWING  CODES  ARE  ASSIGNED  FOR  CARD 
PROCESS ING: 

SIC 

I nou i r y  Type 

Source  Control  (identifies  inquirer) 

Sequence 

Date  Replies  Transmitted 


■ACKINIM6  DATA  ANALYSIS 

Engineering  Personnel  are  assigned  to  each 
inquiry.  Replies  *»c  transmitted  to  the 

INOU I  RE  R  t  AND  THE  INQUIRY  INFORMATION  IS 
ENTCRCD  INTO  THE  SYSTEM  A»  A  PRIMARY 
DOCUMENT . 


2.  DATA  PRODUCTS 


Complete  listing  and  Description  op 


3.  GENERAL  DISSEMINATION 
OF  MACH  ININS  INFORMATION 


D»t«  Products  are  shorn  in  Figure  28, 


DOCilRENT  STORAGE 

actual  Documents 

ARE  STORED.  WHEN 
SPACE  L INI  TAT IQHS 
ARE  ENCOUNTERED, 

M I C*QF I LM  V  ILL  BE  j 
U  SEO  .  NON 5  I  GN  i  f  I  . 
CANT  MACHINING 
DOCUMENTS  ARE  NOT 
STORED,  HOWEVER, 
THE  DOCUMENT  CCN, 

trol  Forms  for 

THESE  ARE  RETAINED 
in  Document 
Storage  . 


Pub l  i  ' 

CATION  IN 

Peri od ic*ls 

Techn 

ICAL  MEET 

(  NCS 

COMM  1 

ttee  Meet 

1  NGS 

CONFEi 

RENCE5 

Expos 

1  T1 ONS 

AFMDC 

VI 5 1  TORS 

Plant 

VISITS 

Mater 

ials  Support  D'y»s>on 

(sponsor  of 

AFMDC) 

USE!  FILE 

The  user  File  consists  of; 

Major  Missile  and  aerospace  Manufacturers  amo 
their  Subcontractors 

DEPAHTHENT  OF  DEFENSE  (INCLUDING  ALL  OF  THE 

Military  Services  and  their  Contractors ) ,  and 
other  Government  Agencies 
Nonmilitary  industries  in  a  position  to  assist 
the  defense  effort 

Aerospace  industries  Association  (aiA)  manufac- 

TUR I NG  COMMi TTCE 

Colleges  and  universities 
Information  Centers 
Technical  Societies 
Trade  Publications 

AFMX:  INQUIRERS 

Materials  Advisory  Board  (MAB)  Committees 

total  -  531  5  (7/31/69) 
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SEE  APPENDIX,  PAGE  A-2 


6 


4FM0C  USER  FILE  MAP 


SEE  APPENDIX,  PABE  A-4  FISURE  3 


DISTRIBUTION  OF  AFMDC  USER  FILE 


The  basic  User  Pile  was  developed  as  indicated  in  Appendix,  Page  A-4.  Names  are 
added  to  the  User  Pile  as  a  result  of  1)  inquirers,  2)  visitors,  3)  additional  names 
submitted  by  current  Users,  4)  requests  resulting  from  dissemination  of  data  pro¬ 
ducts,  and  5)  technical  articles  published  in  periodicals  and  announcements  pertaining 
to  the  Center. 


GENERAL  CONCENTRATION  OF  USERS  BY  NUMBERS 


STATES 

ORGANIZATIONS 

TOTAL  NO.  ORGANIZATIONS 

STATES* 

INDIVIDUAL 

TOTAL  INDIVIDUAL  USERS 

4 

0 

0 

4 

0 

0 

17 

1-10 

107 

15 

1-25 

218 

16 

11-25 

275 

1  1 

26-50 

373 

3 

26-50 

105 

10 

51-125 

691 

B 

O 

51-100 

370 

6 

126-300 

1.265 

a 

OVER— 100 

1,206 

5 

OVER-300 

2.768 

AREA  CONCENTRATION  OF  ORGANIZATIONS 


West  Coast  (3  states)  - 
North  Midwest  (5  states)  - 
Northeast  (5  states)  - 


253  companies 
735  companies 
604  companies 


These  figures  indicate  that  77%  of  User  companies  lie  in  25%  of  the  United 
States. 


The  total  User  File  (5,315),  can  be  broken  down  as  follows: 


Company  Users  (Individuals)  4,  335 

Companies  1,742 

College  Users  (Individuals)  790 

Colleges  211 

Societies,  Centers,  etc.  (Individuals)  190 

Societies,  Centers,  etc.  110 


•  Includes  Washington,  D.C • 
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SEE  APPENDIX,  PAGE  A-4 


FLOWCHART  FOR  FORTRAN  PROGRAM  TO  STORE,  ADD  TO,  OR  SEARC 


Bj 

_ 

CHECK 
DATA  SWITCHES 
2  THRU  13 


ttx: 


INITIALIZE  FILE 
RECORD  NLMBER 
FOR  SEARCH -USE 
AUTOMATIC 

IlNDEXlNG  HEREAFTER | 


READ  NEXT 
RECORD  ON 
INDEX  PARAMETER 
FILL 


ffo  j  e  s  ; 

t.  Pauses  give  the  operator  time  to  set  the  data  switches. 

2.  The  1130  Fortran  Compiler  contains  n  feature  a  Holts  automatic  tn- 

crement ing  of  disk  file  record  numbers  when  files  are  referenced;  the 
program,  of  course ,  employs  this  feature  only  fur  the  first  rtfe  renre  to 
each  file  record. 

3.  flecanse  of  fixed^block  file  structure  on  the  1130,  maximum  file  economy 
is  obtained  (in  this  case)  hy  storing  index  information  and  uniterns  for 
each  inquiry  in  c or  re  spend  ing  records  nf  separate  dish  files. 


FIGURE  S 
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SEE  APPEND  I X.  PAGE  A-J 


6. 


INQUIRY  FILE 


OUTPUT  OF  UNITERM  FILE  SEARCH 


13 

—  ID 

UJ  I 

cc\  o 

©  < 

U.  X 


>  C4  O  fM 
:  •-*  op 

>  H-r 


O  h  om 

O  3  <0Q 
>-o  XO 


Opo  Ixc 

t  r 


HCHNBLTY  -RATING  TOOL  GEOM  TOOL  LIFE  CUT  FLUIO  811000  4620001  01 


SEE  APPEND IX,  PA6E  A-9 


COMPUTER  PRINTOUT  OF  A  SELECTIVE  SEARCH  ON  SURFACE  INTEGRITY  FILE 


SEE  APPEND IX.  PAGE  A-9 


FORMULAE  USED  IN  DETERMINING  COST  PER 


COST  AMO  PRODUCTION  RATE  FOR  HILLING 


SEE  APPENDIX.  PAGE 


COMPUTER  PRINTOUT  FOR  INVESTIGATING  RELATIONSHIPS  BETWEEN  MACHINING  VARIABLES 


SEE  APPEND  I  X,  PAGE  A-IQ  _ _ _ - _ _ _  f  I  EURE  1 2 


INQUIRY  PROCESSING  FLOW  CHART 


CAL  INQUIRY  INPUT  AND  RESPONSE 
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SEE  APPEND  IX.  PAGE  A-11 


cn 

co 


co 

UJ  *T 
- , _  cO 


-  s'!  ? 

n  _  . — 


i 

co 


o| 

U_ 

O, 

UJ 

0-1 

GO 


OC  O  □  -a 

o  a.  c 

O.  E  T3  3 
UJ - —  H- 

rr  <d 
>-  —  a> 
Q  □  v 
Z  >—  CO 
m.  «E 

•AC  — 
Z  C  —  x 
o  o  o 


*  O  w  ro 
CE  Ofl  w 
□  M  ID  t3 


K  t>  —  ra 
o 

i  Q.  - 

LU  E  —  a. 
Z  0  *  a. 
*—  H  •>  W 
l  kj  c 
u_ 

o  «d  e 
<  a  xr  «u 
tu  u  »*  — 

I—  XJ 

«<  £.  *-  O 

M  •-  a 


*-  E 
O  3 

a.  — 


CO  -  ^ 

it:  o  — 

o  ex 


—  u 

nj 

> 


i/3  — -  CD 

Ui  CO  ■ .  ra  w 

-  -  1)  E  *■ 


Z  >-  H  W  *- 
—  a  Ly  u 
o  <o«- 
-J  *j  -j  a»  o 
■<  a  c 


LU  U  Q.  >  ID 

a.  ui  — 

to  *—  F— >  —  w 


^  Hi  ^ 

CE  —  O  . 
x-  o,  e 
Ecu 

-  o  o  — 
z  H  a?  — 

OUJw  - 
* - -  o  — 

— C  C3  L*  _D 

3  Cl  w  — 

■J  ■-*  o  « 

<  c,  e  w 
:>  r>>  —  o 

uj  E—  LU  o. 


V  c 
a.  e 


l^l  E  TD  M 
Z  ®  E 
ttJ  *"■_ 
O  £:  (D  c 


—  to 

»  a  — 

V)  —» 


QC  a  it  (D 


UJ 


C3  —  ._ 


U  w  I.  —  —  +4 


O  *□  C  V)  c/> 

«  —  c  o 

co  *-*  o  a 

CO  w  x  - 


C_J  =3  -  - - 

□  Q  SI  T] 

OS  V  CS  C  afi 
a-  a:  a  a  c. 
o  o  — 


“  3  « 
Z  cj  > 
—  a 


—  X3  — 


u.  a.  to 

CJ  E  —  -Q 

«  r  T3  c 

Z  H  C  40 

o  kj  SB  o 

to  QB 

—  —  —  T3  C 
QC  f3  to  to  .— 

«  ^  C  -  — 

Q.  -  ©  •«  — 

Z  a  U  03  ■— 

Q,>1C  w 
D  K  _  « 


Csj 

cn 

cv« 


E  •-  ■*- 

o  o 

O  U 
»-  M 

C  —  c 
-  ■  « 
U  «, 

Z  M  -  E 

CJ  c  - 

CE  —  CO  ip 
•<  E  E  x: 


—  WWW 


—  ®  o  ^ 

X«  O  Q 


o  a  — 
e  »  .e 
z  a  *-  u 

O  H  ®  « 
”  kj  EE' 
•—  TO 
■<  —  tft 


u.  Cl  ••  H 

Z  -  <D 


a.  o  a.  -o 
—  6  • 
z»"  a  hi 
O  <J  K  3 

=  ka 


u^  a  a.  = 
*  X  © 

—  X  t-,  o 


uo 

CO 


u  on 


E~-  a. 


19 


■—  wa n|i> 


ANALYSIS  F  IHOUIRIES  BY  STATE 
Qc t o.  196.  -  July  31.  1969 


IP  STATES  LEADING  INQUIRIES 

STATES 

COMPANIES 

INDIVIDUALS 

NO.  OF  INQUIRIES 

CAL  1 FORN  IA 

148 

288 

460 

CONNECT  1  CUT 

47 

76 

l  42 

1  LL  1  ISO  1  S 

96 

135 

22? 

I  NO  I  ANA. 

60 

no 

165 

Massachusetts 

64 

95 

161 

MICH  1  SAN 

97 

1  59 

263 

New  Jersey 

56 

106 

2  19 

New  York 

1  13 

185 

303 

OHIO 

304 

586 

1  1  78 

Penn  sylvan  i  a 

1  14 

1  88 

279 

TOTAL 

1099 

1928 

3397 

OTHER  STATES  SUBMITTING  INQUIRIES 

Alabama 

9 

9 

1  6 

Arizona 

13 

23 

47 

Arkansas 

4 

4 

4 

Colorado 

10 

23 

42 

DISTRICT  OF  C0LUM8 1  A 

14 

20 

29 

Delaware 

z 

1  9 

31 

Flor IDA 

13 

25 

72 

Georgia 

4 

15 

1  9 

Hawa  i  i 

I 

1 

1 

1  OWA 

9 

1  1 

1  5 

Kansas 

9 

1  3 

19 

Kentucky 

14 

24 

49 

LOU  l  s  an  a 

3 

8 

1  3 

MAINE 

7 

8 

1  4 

Maryland 

26 

34 

54 

MINNESOTA 

18 

26 

3b  | 

MISSISSIPPI 

2 

2 

2 

Ml  SSOua 1 

12 

39 

95 

NEBRASKA 

? 

2 

2 

New  Hampshire 

6 

6 

7 

New  Mexico 

3 

1  3 

24  I 

North  Carolina 

8 

10 

24 

Oklahoma 

3 

13 

30 

Oregon 

5 

6 

10 

Rhode  Islano 

8 

8 

1  3 

South  Carolina 

4 

4 

8 

T £NN  ESSEE 

1  1 

24 

65  1 

Texas 

22 

43 

93 

UTAH 

5 

7 

1  1 

VERMONT 

12 

1  9 

40 

VIRGINIA 

19 

28 

49 

,uesT  VIRGINIA 

8 

9 

1  9 

WASH  1 NG  TON 

8 

30 

45 

WISCONSIN 

24 

36 

57 

TOTAL 

316 

562 

1059 

TOTAL  FOR  ALL  STATES 

1417 

2490 

44  6 

i 


f i sure  is 
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GENERAL  ANALYSIS  OF  INQUIRIES 
FEBRUARY  1.  1966  -  JULY  31.  1969 


TYPE  OF  INQUIRY 


ONE  OPERATION  ON  ONE  MATERIAL  GROUP 
ONE  OPERATION  ON  A  VARIETY  OF  MATERIAL 
GROUPS 

SEVERAL  OPERATIONS  ON  ONE  MATERIAL  GROUP 

SEVERAL  OPERATIONS  Ow  SEVERAL  MATERIAL 
GROUPS 

UNITERM  LINKED  WITH  AN  OPERATION  AND/OR 
GROUP 

GENERAL  MACHINING  CONCEPTS  (UNITERM) 

TOTAL 


NO.  OF 

INQUIRIES 

AVERAGE  PER 
MONTH 

NO.  OF 

INQUIRIES 

2/1/66-9/31/68 

2/1/66-9/31/68 

10/1/66-7/31/69 

360 

11.3 

1  42 

225 

7.0 

1  55 

652 

20.4 

165 

445 

13.9 

206 

41  5 

13.0 

23b 

623 

19.4 

238 

2.720 

85.0 

1  .  141 

AVERAGE  PER 
MONTH 


ANALYSIS  OF  INQUIRIES  BY  MATERIAL  GROUP 
FEBRUARY  1,  1966  -  JULY  31,  1969 


MATERIAL  GROUP 


plain  carbon  a  low  alloy  steels 

ULTRA  HIGH  STRENGTH  &  TOOL  STEELS 

CAST  IRON 

STAINLESS  STEELS 

NICKEL  ALLOYS 

MARAGING  STEELS 

HIGH  TEMPERATURE  ALLOYS 

TITANIUM  ALLOYS 

REFRACTORY  ALLOYS 

BERYLLIUM  ALLOYS 

ZIRCONIUM  ALLOYS 

ALUMINIUM.  MAGNESIUM,  ZINC, 

LEAD  a  COPPER  ALLOYS 

PRECIOUS  a  RARE  METALS 
POWDER  METALS 

NONMETALUCS  I  NCLUO  I  NG  CERAM  I CS  , 
PLASTICS,  GRAPHITE  &  COMPOSITES 


NO.  OF 
INQUIRIES 

2/1/66-9/31/68 

AVERAGE  PER 
NONTH 

2/1/66-9/31/68 

NO.  9F 

INQUIRIES 

10/1/68-7/31/69 

AVERAGE  PER 
NONTH 

10/1/68-7/31/69 

732 

22.9 

222 

22.2 

604 

1  B.9 

176 

17.6 

193 

6.0 

82 

8.2 

685 

21  .4 

154 

15.4 

167 

5.2 

107 

10.7 

289 

9.0 

103 

10.3 

890 

27.8 

294 

29.4 

705 

22.0 

180 

18.0 

469 

14.7 

no 

11  .0 

194 

6.0 

57 

5.7 

99 

3.1 

42 

4.2 

315 

9.9 

96 

9.6 

22 

.7 

8 

.8 

TOTAL 


5,881 


177.5 


1.717 


171.7 


ANALYSIS  OF  INQUIRIES  8Y  TYPE  OF  MACHINING  OPERATION 


FEBRUARY  I,  1966  -  JULY  31,  1969 


OPERATION 


CONVENTIONAL  CHIP  REMOVAL 


turning 

BORING 

MILLING  (GENERAL) 

FACE  MILLING 

END  MILL  SLOTTING 

PERIPHERAL  END  MILLING 

SLAB  MILLING 

THREAD  MILLING 

ALL  OTHER  TYPES  OF  MILLING 

DRILLING 

GUN  DRILLING 

REAMING 

TAPPING 

GEAR  CUTTING 

BROACHING 

ROUTING 

BANDSAWING 

HACKSAWING 


CONVENTIONAL  6RIN0IN6 

GENERAL  GRINDING 
SURFACE  GRINDING 
CYLINDRICAL  GRINDING 
INTERNAL  GRINDING 
CENTERLESS  GRINDING 
GEAR  GRINDING 
THREAD  GRINDING 
ABRASIVE  MACHINING 
ABRASIVE  BELT  GRINDING 
ABRASIVE  CUTOFF 
HONING 


ALTERNATE  MACHINING  METHODS 


ELECTRICAL  DISCHARGE  MACHINING 
ELECTROCHEMICAL  MACHINING 
ELECTROCHEMICAL  GRINDING 
CHEMICAL  MACHINING 
PHOTOCHEMICAL  MACHINING 
ULTRASONIC  MACHINING 
ELECTRON  BEAM  MACHINING 
LASER  MACHINING 
ION  BEAM  MACHINING 
ABRASIVE  JET  MACHINING 
ELECTRO-STREAM  MACHINING 


MISCELLANEOUS 

BURNISHING 

CONTROLLED  ENERGY  MACHINING 

SUB-ZERO  MACHINING 

HOT  MACHINING 

POLISHING 

THREAD  ROLLING 

FLAME  CUTTING 


NO.  OF 
INQUIRIES 


2/1/66-0/30/68 


AVERAGE  PER 
MONTH 


FIGURE  13 
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SEE  APPENDIX.  PAGE  A-12 
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SEE  APPENDIX.  P*  8E  A-12  FISURE  IS 


AIR  FORCE  MACH I INABILITY  DATA  CENTER 

SUMMARY  OF  SPECIFIC  INQUIRIES  BY  SIC*  NUMBER 

October  l ,  1968  -  July  31,  1969 

SIC 

MAJtR 

GROUP 

NO 

SIC 

INDUSTRY 

NO. 

BY  SIC 
INDUSTRY 

NO. 

NUMBER  OF  INQUIRIES 

BY  SIC 

MAJOR  GROUP 

NO. 

'■  OF 
TOTAL 

91 

9100 

9100 

9100 

9100 

9100 

9100 

9100 

9190 

9190 

’•919! 

9192 

FEDERAL  GOVERNMENT 

U.S*  Department  of  Defense  4 

USAF  *  Wright  Fielo  16 

USAF  -  APO,  NEW  Yo*A  5 

USAF  -  Tinker  Air  Force  Base  2 

U.S.  Army  8 

U.S .  Navy  3 

National  Aeronautics  &  Space  Admi nstrat i on  11 

BSDA  Department  of  Commerce  2 

National  Bureau  of  Standard  1 

State  Technical  service  Programs  41 

Small  Business  Adm i nstrat i on  40 

133 

■1  .6 

19 

ORDNANCE  AND  ACCESSORIES 

12 

1  .5 

27 

PRINTING.  PUBLISHING.  AND  ALLIED  INDUSTRIES 

12 

1  .  1 

28 

CHEMICALS  AND  ALLIED  PRODUCTS 

7 

.6 

29 

PETROLEUM  REFINING  AND  RELATED  INDUSTRIES 

17 

1 .4 

32 

STONE.  CLAY.  GLASS.  AND  CONCRETE  PROOUCTS 

1  4 

1  .2 

33 

PRIMARY  METAL  INDUSTRIES 

49 

4.2 

34 

FABRICATED  METAL  PROOUCTS.  EXCEPT  ORDNANCE,  MACHINERY, 

AND  TRANSPORTATION  EQUIPMENT 

44 

3.8 

35 

MACHINERY.  EXCEPT  ELECTRICAL 

267 

23.4 

36 

ELECTRICAL  MACHINERY.  EQUIPMENT  AND  SUPPLIES 

88 

7.7 

37 

3721 

3722 

3729 

TRANSPORTATION  EQUIPMENT 

Aircraft  and  Missiles  166 

Aircraft  Engines  a  Engines  Parts  -  70 

Mi  ssile  Engines 

Aircraft  Parts  a  Auxiliary  equipment  -  49 

Mi ssile  P ar T 5 

Others  32 

337 

29.5 

30 

PROFESSIONAL,  SCIENTIFIC.  AND  CONTROLLING 

INSTRUMENTS:  PHOTOGRAPHIC  AND  OPTICAL  GOODS: 

MATCHES  AND  CLOCKS 

7 

.6 

39 

JEWELRY,  PRECIOUS  METALS 

3 

.3 

50 

WHOLESALE  TRADE 

1  3 

!  .  1 

*  Standard  Industrial  Classification  Manual  (SIC).  Executive  Office  of  the  President 
Bureau  of  the  Budget,  196 7 

This  SIC  Mutr.be Has  Assigned  Because  of  the  Special  Stgnt]  icance  of  the  State  Technical  Service  Program 
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SUMMARY  OF  INQUIRIES  PROCESSED  BY  AFMDC  FOR  STSP*  &  SBA** 
October  t,  1968  -  July  31,  1989 


NUMBER  OF  INQUIRIES  FOR  STSP* 

state 

NO.  OF  INOUIRIES 

VeRmon  t 

6 

Afft/ONA 

53 

Indiana 

4 

Ma  i  NT 

3 

M 1 NNE  SOTA 

3 

Oh  i  0 

3 

Wash i ngton ,  D.C. 

3 

Michigan 

2 

Mi S  SOU  R  1 

z 

North  carol i na 

2 

West  Virginia 

2 

Gfc  ORG 1  A 

1 

New  York 

1 

Pennsyl YAN  1  A 

1 

TENNESSEE 

1 

Texas 

1 

Virginia 

1 

TOTAL  41 

NUMBER  OF  INQUIRIES  FOR  SBA** 

STATE 

NO.  OF  INOUIRIES 

Texas 

9 

Washington,  d.C. 

8 

Pennsylvan 1  A 

6 

Oh  i  0 

4 

Massachusetts 

3 

New  York 

3 

California 

2 

Michigan 

2 

Col  or  ado 

1 

Minnesota 

1 

Washington 

1 

TOTAL  40 

STSP*  -  State  Technical  Services.  Programs 

SBA**  -  Small  Business  Administration  Technology 
Utilization  Programs 


SEE  APPENDIX,  PAGE  A-13 
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FIGURE  22 


COMPANIES  k  AGENCIES  SUBMITTING  INQUIRIES  TO  AFMDC 


October  I,  1964  -  September  30,  I960 


Abex  Corporation,  Mahwah,  N.J. 

Aborn,  dr.  Robert  H.,  Millington,  N.J, 

ACF  Industries,  Inc.,  Albuquerque,  N.M. 

Accurate  Bushing  Company,  Garwood,  N.J. 

Accurate  Diamond  Tool  Corp.,  Hackensack,  N.J. 

Acraloc  Corporation,  Oak  Ridge,  Tenn. 

Adamas  Carbide  Corp.,  Kenilworth,  N.J. 

Adapto,  Goodyear,  Ariz, 

Aokins  a  Hum i n i k ,  Alexandria,  Va. 

Aerojet-General  Corporation,  Azusa,  Calif. 
Aerojet-General  Corpohat i on ,  Claremont,  calif. 
Aerojet-General  Corporation,  Downey,  Calif, 
Aerojet-General  Corporat t on,  Sacramento,  Calif. 
Aerojet-General  Corporation,  Dayton,  Ohio 
Aerqnca  Inc.,  Middletown,  Ohio 
Aeroprojects  Inc.,  West  Chester,  Pa. 

Aeroquip  Corporation,  Jackson,  Mich. 

Aeroguip  Corporation,  Van  Wert,  Oh;o 
Aerospace  Corporation,  San  Bernardino,  Calif. 

Aerospace  Research  applications  Center, 

Bloomington,  Ind. 

Air  Force  Headquarters,  Washington,  D-C. 

Air  Force  Representative,  The  Martin  Co., 

Denver,  Colo. 

Airesearch  Manufacturing  Company,  Phoenix,  ariz. 
Airesearch  Manufacturing  Company,  Cos  Angeles,  Calif. 
Alco  Products,  Inc.,  Schenectady,  N.Y. 

Alexander  a  Associates,  Cincinnati,  Ohio 
Allegheny-Ludlum  Steel  Corp.,  Dunkirk,  N.Y. 
Allegheny-Ludlum  Steel  Corp.,  Pittsburgh,  Pa. 

Alliance  Tool  Company  Inc.,  5t.  Louis,  Mo. 

Allied  Chemical  Corp.,  Morristown,  N.J. 

AlUS-Chalmers  Manufacturing  Company,  Norwood,  Ohio 
Allis-Chalmers  Manufacturing  Company,  Milwaukee,  Wise. 
Altamil  Corporation,  Chambers  Aircraft  Div., 

Shelbyville,  *nd. 

Aluminum  company  of  America,  Lafayette,  Ind. 

Aluminum  Company  of  America,  Pittsburgh,  Pa. 

Aluminum  Smelters  Research  Institute,  Chicago,  III. 
Amacosl  Tool  Division,  Chicago,  III. 

Amo  erg  a  usler,  Inc.,  east  Orange,  N.J. 

American  Airlines  Inc.,  Tulsa,  Okla. 

American  Bosch  Arma  Corporation,  Springfield,  Mass. 
American  Bosch  Arma  corporation,  Garden  City,  N,Y. 
American  Brake  Shoe  Company,  Elyria,  Ohio 
American  Business  Development,  Los  Angeles,  Calif. 
American  Can  Company,  San  Francisco,  Calif. 

American  Can  Company,  Ge'.lva,  N.Y. 

Amehican  Cyanamid  Company,  Sanforu,  Me. 

American  Heller  Corporation,  Detroit,  Mich. 

American  Institute  of  Aeronautics,  Los  Angeles,  calif. 
American  Institute  of  Min  ing  Metallurgical  a 
Petroleum  Engineers,  New  York,  N.Y. 

American  Iron  and  Steel  Inst.,  New  York,  N.Y, 

American  Laundry  Machinery  Industries,  Cincinnati,  Ohio 
American  Machine  a  Foundry  Co.,  York*  Pa. 

American  Machinist,  Cleveland,  Ohio 
American'Oil  Company,  Chicago,  III. 

American  Oil  Company,  Whiting,  Ind. 

American  Saw  ft  Manufacturing  Company, 
east  longmeadow,  Mass. 

American  Society  For  Metals,  Metals  Park,  Ohio 
American  Society  of  Tool  a  Manufacturing  Engineers, 
Dearborn,  Mich. 

American  Tool  Company,  Kalazamqo,  Mich. 

American  Tool  Works,  Cincinnati,  Ohio 


American  welding  a  Manufacturing  Co.,  Warren,  Ohio 
Ames  Laboratory,  Ames,  Iowa 
AmETek  Inc.,  Selle RSv i lle ,  Pa. 

Ammunication  Procurement  a  Supply  Agency,  Joliet,  III. 
Ampco  Metal  Inc.,  Milwaukee,  Wise. 

Amphenol  Corporation,  Chicago,  III. 

Am  tel,  Inc,,  Peabody,  Mass. 

Anderson  Brothers  Manufacturing  Co.,  Rockford,  III. 
Andrews  Air  Force  Base,  Washington,  D.  C* 

Anocut  Engineering  Company,  E£lk  Grove  Village,  III* 
Anzon  Company,  Inc.,  El  Monte,  Calif. 

Apex  Corporation,  Indianapolis,  Ind. 

API  Corporation,  Miami,  Fla. 

Applied  Oceanics,  Los  Angeles,  Calif, 

Argonne  National  Laboratory,  Argonne,  III. 

Arizona  State  University,  Tempe,  Ariz. 

Arizona,  University  of,  Tucson,  Ariz. 

Arkwin  Industries  Inc.,  West  bury,  N.Y. 

Armco  Steel  Corporation,  Torrance,  Calif. 

Armco  Steel  Corporation,  Baltimore,  Md. 

Armco  Steel  Corporation,  Cincinnati,  Ohio 
Armco  Steel  Corporation,  Middletown,  Ohio 
Armstrong  Blum  Mfg.  Company,  Cincinnati,  Ohio 
Army  Procurement  District,  Chicago,  III. 

Arno  Adhesive  Tape,  Inc.,  Michigan  City,  Ind. 

ARO,  Inc.,  Arnold  Air  Force  Station,  Tenn. 

Arrow  Gear  Company,  Downers  Grove,  III, 

Arrowsmith  Tool  &  Mfg.  Corp.,  Los  Angeles,  Calif, 
Astro  Met  associates,  Inc.,  Cincinnati,  Ohio 
Astro  Tech,  Inc.,  Minneapolis,  Minn. 

Astrosystems  International  Inc.,  Rockaway,  N.J. 

An  Industries,  Escondido,  Calif. 

Atlantic  Research  Corporation,  Gainsville,  Va. 
Atlantic  Richfield  Company,  Philadelphia,  Pa. 

Atlas  Alloys,  Cleveland,  Ohio 
Atlas  Portable  Equipment  Co,,  Oak  Park,  Mich. 
Automation  Accessories  Inc.,  Cincinnati,  Ohio 
Automation  Accessories  Inc.,  Dayton,  Ohio 
Automation  Industries  Inc.,  Adilene,  Tex. 

Automation  Industries,  Inc.,  Sterling,  Va. 

Autc  >tive  Servicenter  Inc.,  Baltimore,  Md. 

Avco  Corporation,  Stratford,  Conn. 

Avco  Corporation,  Richmond,  Ind. 

Avco  Corporation,  Westboro,  Mass- 
Avco  corporation,  Wilmington,  Mass. 

Avco  Corporation,  Coldwateh,  Ohio 
Avco  Corporation,  Nashville,  Tenn. 

Avey  Machine.  Tool  Company,  Covington,  Ky. 

Aviation  Week  a  Space  Technology,  New  York,  N.Y. 
Avildsen  Tool  a  Machines  Inc.,  New  York,  N.Y. 

BAchan  Manufacturing  Co.,  Pompano  Beach,  Fla. 

Backer  Tool  a  Die,  Cincinnati,  Ohio 
Baoger,  F.  Sidney,  Woodland  Hills,  calif. 

Badgett  a  Smith  Associates  Inc.,  Cincinnati,  Ohio 
Baker  Oil  Tools  Inc.,  Los  Angeles,  Calif. 

Baldw i n-L i ma-Ham i lton ,  Burnham,  Pa. 

Ball  Bros.  Research  Corp.,  Boulder,  Colo. 

Bahber-Colman  Company,  Rockford,  III. 

Barry-Wehm i ller  Company,  St.  Louis,  Mo. 

Bath  Iron  Works,  Bath,  Me. 

Battelle  Memorial  Institute,  Los  Angeles,  Calif. 
Battelle  Memorial  Institute,  Columbus,  Ohio 
Battelle  Memorial  Institute,  Richland,  Wash. 

Bausch  a  L om8  Incorporated,  Rochester,  N.Y. 

Bay  Swiss  Mfg.  Co.,  Inc.,  El  Sfgundo,  Calif. 
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BpSA  Department  or  Commerce,  Washington,  D.C. 

Beech  aircraft  Co.,  wichita,  Kan. 

Bell  Helicopter  Company,  Ft.  Worth,  Tex. 

Bell  &  Howell  Research  Center,  Pasadena,  Calif. 
Bellows-Valva ir  Corporation,  Cincinnaii,  Ohio 
Beloit  Corporation,  Beloit,  wise. 

Beloit  Eastern  Corporation,  downington,  Pa. 

Bendix  Corporation  (The),  South  Bend,  Inp, 

Bend i x  Corporation  (The),  Greenfieid,  Mass. 

Bend i x  Corporation  (The),  Detroit,  Mich. 

Benoix  Corporation  (The),  Southfield,  Mich, 

Bendix  Corporation  (The),  Kansas  City,  Mo. 

Bendix  Corporation  (The),  Tetersoro,  N.J. 

Bendix  Corporation  (The),  Sidney,  N.Y. 

Bendix  Corporation  (The),  York,  Pa. 

Benedict-Miller  Inc.,  Lyndhurst,  N.J. 

Bennet  Technical  Services  Inc.,  Cincinnati,  Ohio 
Benrus  Watch  Company,  WAterbuhy,  Conn. 

Berco  Manufacturing  Company,  Waterbury,  Conn. 
Beryllium  Corporation  of  America  (The), 

Hazelton,  Pa. 

BERYLL I UM  CORPORAT I  ON  OF  AMERICA  (The), 

Reading,  Pa. 

Besly-welles  Corporation,  South  Beloit,  ill. 
Besly-welles  Corporation,  Cincinnati,  Ohio 
Bethlehem  steel  Corporation,  Bethlehem,  Pa. 

Bigger  Company,  C.  M. ,  Reaoing,  Ohio 
Black  &  Decker  Mfg.  Co.,  Towson,  Mo. 

Buss  COMPANY,  E.W.  ,  SOUTH  PORTLAND,  ME. 

Boeing  Company  (The),  Whchita,  Kan. 

Boeing  Company  (The),  New  Orleans,  La. 

Boe i ng  Company  (The),  Philadelphia,  Pa. 

Boeing  Company  (The),  Auburn,  Wash. 

Boeing  Company  (The),  Renton,  Wash. 

Boeing  Company  (The),  Seattle,  Wash. 

Bomar  company,  Cincinnati,  Ohio 

Booz  Allen  Applied  Research  Inc.,  New  York,  N.Y. 

Booz  Allen  Applied  Research  InC.,  Independence,  Ohio 
Borg-Warner  Corporation,  Chicago,  III. 

Borg-Warner  Corporation,  Dfs  Plaines,  III, 
Borg-Warner  Corporation,  Fremont,  Ohio 
Bostrom  Corporation,  Milwaukee,  Wise. 

Brad  Foote  Gear  works  Inc,,  Cicero,  III. 

Brands  Machining  Company,  Portland,  Pa. 

Brass  &  Bronze  Institute,  Chicago,  III. 

Bridgeport  Brass  Company,  Indianapolis,  Ind. 
Bridgeport,  University  of,  Bridgeport,  Conn, 

Briggs  &  Stratton  Corporation,  Milwaukee,  Wise, 
Brigham  Young  University,  Provo,  Utah 
Brooks  a  Perkins  Inc..  Detroit,  Mich, 

Brown  a  Root  Inc.,  Houston,  Tex. 

Brown  a  Sharpe  Manufacturing  Co.,  Dxyton,  Ohio 
Brubaker  Tool  Corporation,  Millersburg,  Pa. 

Brunswick  Corporation,  Muskegon,  Mich. 

Brush  Beryllium  Company  (The),  Hayward,  Calif. 

Brush  Beryllium  company  (The),  Cleveland,  Ohio 
Brush  Beryllium  Company  (The),  Elmore,  Ohio 
Buckeye  Foundry  Company,  Cincinnati,  Ohio 
BuDD  Company,  Newark,  Dela, 

Buehk  Tool  a  Machine  Corporation,  Buffalo,  N.Y. 

Bijhr  Machine  Tool  Company,  Detroit,  Mich, 

Bullard  Company,  (The),  Bridgeport,  Conn, 

BunkcR'Ramo  Corpot at i on ,  Cleveland,  Ohio 
Burgess-NORton  Manufactur ing  Co.,  Geneva,  III. 

BuRGMASTER  CORPORAT I  ON,  CINCINNATI,  OH  I O 
Burnoy  Corporation,  Norwalk,  Conn. 

Burson  Marsteller  Associates,  New  York,  N,Y, 

Cadillac  Gage  Company,  Costa  Mesa,  Calif. 


Cadillac  Gage  Company*  Roseville,  Mich. 

California  General  Inc,,  Chula  Vista,  Calif. 

California  State  Prison,  San  Quentin,  Calif, 

California,  University  of,  Livermore,  Calif. 

Camcar  Screw  8c  Manufacturing  Co.,  Rockford,  III. 

Cameron  Iron  Works,  Houston,  Tex. 

Carborundum  Company  (The),  Niagara  Falls,  N.Y. 

Carlisle  Chemical  Works  Inc.,  Reading,  Ohio 
Carlton  Machine  Tool  Company,  Cincinnati,  Ohio 
Carnegie  Institute  of  Technology,  Pittsburgh,  pa. 
Carpenter  Steel  Company  (The),  Reading,  Pa. 

Carr  Tool  Companv,  Norwood,  Ohio 

Carrier  Air  Conditioning  Co.,  Syracuse,  N.Y. 

Caterpillar  Tractor  company,  Deacatur,  III. 

Caterpillar  Tractor  Company,  Peoria,  III. 

Cav t trqn  Ultrasonics,  Inc,,  Long  Island,  N.Y. 

CDS  Engineering  Inc.,  Santa  Clara,  CaliF. 

Ceemco,  Cincinnati,  Ohio 

Celanese  Corporation,  Narrows,  V a. 

Central  Fabricators  Inc.,  Cincinnati,  Ohio 
Central  Machine  Works,  Indianapolis,  Ind. 

Centro  Corporation,  Dayton,  Ohio 

Chamberlain  Manufacturing  Corporation,  Waterloo,  Iowa 
Chandler  Evans  Inc.,  West  Hartford,  conn. 

Chase  Brass  ft  Copper  CO.,  Solon,  Ohio 
Chase  Manhattan  Bank,  New  York,  N.Y. 

Chemcut  Corporation,  State  College,  Pa. 

Chicago  Cutting  Die  Company,  Chicago,  III. 

Chicago  Pneumatic  Tool  Co.,  Utica,  N.YL 
Chicago  Procurement  Detachment,  Chicago,  III. 

Chromalloy  American  Corp.,  West  Nyack,  N.Y. 

Chrysler  Corporation,  New  Orleans,  La. 

Chrysler  Corporation,  Dearborn,  Mich. 

Chucking  Machine  Products  Inc,,  Franklin  park,  III, 
Cincinnati  Lathe  &  Tool  Company,  Cincinnati,  Ohio 
Cincinnati  mill ing  Machine  Company  (The), 

C  i  nc  i  nnat i ,  Ohio 

Cinc i nnati  Mill ing  Machine  Company  (The), 

Wilmington,  Ohio 

Cincinnati  Mine  Machinery  Co.,  Cincinnati  ,  Ohio 
Cincinnati  Shaper  Company,  Whitewater,  Ohio 
Cincinnati  Sub-Zero  Products  Inc.,  Cincinnati,  Ohio 
Cincinnati,  University  of,  Cincinnati,  Ohio 
Citrus  College,  Azusa,  Calif. 

Clearinghouse  for  Federal  Scientific  a  Technical 
Information,  Springfield,  Va. 

Cleco  Pneungtic,  Cincinnati,  Ohio 

Cleveland  Automatic  Machine  Tool  Co.,  Cincinnati,  Ohio 
Cleveland  Pneumatic  Tool  Co.,  (The),  Cleveland,  Ohio 
Cleveland  Twist  Drill  Company,  Cleveland,  Ohio 
Clevite  Corporation,  Cleveland,  Ohio 
Climax  Molybdenum  Co.,  New  York,  N.Y. 

Climco  Products  Inc.,  Cincinnati,  Ohio 
Cdsalt  Information  center,  Columbus,  Ohio 
Collins  radio  Company,  Cedar  Rapids,  Iowa 
Collins  radio  Company,  Dallas,  Tex. 

Colt  Industries  Inc.,  Beloit,  Wise. 

Commercial  Screw  Products,  Inc.,  Cleveland,  Ohio 
Comstock  ft  Wescott  Inc.,  Cambridge,  Mass. 

Conax  Corporation,  Buffalo,  N.Y. 

Concord-Renn  company,  Cincinnati,  Ohio 
Continental  Aviation  ft  Engineering  Corp., 

Detroit,  Michl 

Continental  Aviation  &  Engineering  Corp., 

Toledo,  Ohio 

Continental  Copper  a  Steel  Co.,  Braeburn,  Pa. 

Cont i nental-Emsco  Company,  Garland,  Tex. 

Continental  Motors  Corporation,  Muskegon,  Mich. 
Continental  Tool  Company,  Detroit,  Mich. 
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Control  Mechanisms  Inc.,  Philadelphia,  Pa. 

Controls  Company  of  America,  Jacksonville,  Ark. 

Conver  Steel  4  Wire  Co.  Inc.,  New  York,  N.Y. 

Coors  Co.,  Inc.,  H.  F.,  Inglewoodk  Calif. 

Coors  Porcelain  Company,  Golden,  Colo. 

Copat  Corporation,  Beech  Grove,  Ind. 

Cordell  Associates,  Los  Angeles,  Calif. 

Corhart  Refractories  Company,  Buchannon,  W.  Va. 

Cornell  Aeronautical  Laboratory  Inc.,  Buffalo,  N.Y. 
Corning  Glass  Works,  Corning,  N.Y. 

Corplan  Associates.  Chicago,  III. 

Cox  Manufacturing  Co.,  Inc.,  San  Antonio,  Tey. 
Craftneeos  Inc.,  Cincinnati,  Ohig 
Crane  Company,  Chicago,  III- 
Crane  Company,  New  Castle,  Pa. 

Crucible  Steel  Company  of  America,  Cincinnati,  Ohio 
Crucible  Steel  Company  of  America,  Pittsburgh,  Pa. 
Cummins  Engine  Company  Inc.,  Columbus,  Ind. 
CuRTiss-Wright  Corp.  ,  Caldwell,  N.J. 

Curt i ss-Wr i ght  Corp. ,  Wouo-Ridge,  N.J. 

Curt  i  ss-WRight  Corp.,  Buffalo,  N.Y'. 

Custom  Tooling  Co.,  Cincinnati,  Ohio 
Cyclops  Corporat ion,  Bridseville,  Pa. 

Cyclops  Corporat ion,  Pittsburgh,  Pa. 

Dalmo  Victor  Company,  Belmont,  Calif. 

Dana  Corporat i on,  Richmond,  Ind. 

Dana  Corporation,  Toledo,  Ohio 
Danville  Metal  stamping,  Danville,  III. 

Data  Information  Gathering  Service,  Palo  Alto,  Calif. 
Davewood  Supply  Company,  Rockford,  III. 

Dayton  Malleable  Iron  Co.,  Dalton,  Ohio 

Dayton  Research  Institute,  University  of,  Datton,  Ohio 

DEA  Products,  Tempe,  Arij, 

Dfere  ft  Company,  Moline,  III, 

Defense  Ceramic  Information  Center,  Columbus.  Ohio 
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V.l.  Jewelry  Manufacturing  Corp.,  New  Yohk,  N.Y. 
Valeron  Corporation  (The),  LOS  Angeles,  Calif. 
Valeron  Corporation  (The),  Indianapolis,  Ind. 

Valeron  Corporation  (The),  Dayton,  Ohio 
Value  program  for  Industry,  Schenectady,  N.y. 

Van  Industries,  Cincinnati,  Ohio 

Van  straaten  Chemical  Company,  Chicago,  III. 

Varian  Associates,  Palo  Alto,  Calif. 

Varo  Inc.,  Santa  Barbaha,  Calif. 

Veeder-Root  Inc.,  Altoona,  Pa. 

Vermont  American  Corporation,  Louisville,  Ky. 

Viking  forge  a  Steel  Company,  Albany,  Calif. 

Vinco  Corporation,  Detroit,  Mich, 

Virginia  Polytechnic  Institute,  Blacksburg,  va. 
Vitro  Corporation  of  America,  West  Orange,  N.J. 
Vitro  Laboratories,  Silver  Springs,  Md. 

Vogt  Machine  Co,  Inc.,  Henry,  Louisville,  Ky. 
VR/Wesson  Company,  Cincinnati,  Ohio 


Walker  Company,  O.S.,  Worcester,  Mass. 

Walker  Grinding  Company,  Santa  Barbara,  Calif. 
Walmet  Corporation  (The),  Pleasant  Rioge,  Mich. 
Walmet  Corporation  (The),  Summitt,  N.J. 

Waltco  Engineering  Company,  Gardena,  Calif. 
Warner-Swasey  Company  (The),  Cleveland,  Ohio 
Warner-Swasey  Company  (The),  Lahr  Division, 
Cleveland,  Ohio 

Warren  Pumps,  Inc.,  Warren,  Mis.s 
Watertown  Arsenal,  Watertown,  Mass, 

Watervliet  Arsenal,  Watervliet,  N.Y. 

Waukesha  Cutting  Tool,  Waukesha,  Wise. 

Wayne  State  University,  Detroit,  Mich. 
Weatherhead  Company  (The),  Dayton,  Ohio 
Webco  Machine  Products,  Inc.,  Cleveland,  Ohio 
Weinman  Pump  Manufacturing  Co.  (The),  Columbus, 
West  Milton  Precision  Tool  Cc . «  VAndai  ia,  Ohio 
WEST  Virginia,  State  of,  Department  of  Commerce 


Charleston,  W.  Va. 

Western  Electric  company, 

Western  Electric  Company, 

Western  Electric  Company, 

Western  Electric  Company, 

Western  Gear  Corporation, 

Western  Michigan  University,  Kalamazoo,  Mich. 
Western  Reserve  University,  Cleveland,  Ohio 
WestinghouSE  Air  Brake  Company,  Peoria,  III. 
WERT'NGHOUSE  Electric  CORP.,  SUNNYVALE,  CALIF. 
WESTINGHOUSE  ELECTRIC  CORP.,  BUFFALO,  N.Y. 
WESTINGHOUSE  ELECTRIC  CORP.,  CHARLOTTE,  N.C. 
WESTINGHOUSE  ELECTRIC  CORP.,  BLA  I R S V  I L L E ,  Pa. 
Westinghouse  Electric  Corp.,  Homewood,  Pa. 
WESTINGHOUSE  ELECTRIC  CORP.,  MADISON,  Pa. 
Westinghouse  Electric  Corp.,  Philadelphia,  Pa. 
Westinghouse  Electric  Corp.,  Pittsburgh,  Pa. 


Inc.,  Omaha ,  Neb . 

Inc.,  Greensboro,  N.C. 
Inc . ,  Pr i nce ton ,  N.J. 
Inc. ,  New  York ,  N.Y. 
Everett,  wash. 


i  o 


westinghouse  Electric  Corp.,  West  Mifflin,  Pa. 
WheclabratoR  Corporation,  Mishawaka,  Inc. 

White  County  Machine  Shop.  Monticello,  Inc. 

Whitin  Machine  WORKS,  Wh  i  t i ns v i l l E ,  Mass. 

Whittaker  corporation,  l*  Mesa,  Calif, 

Whittaker  Corporation,  West  Concord,  Mass. 

Williams  Research  a  Engineering  Co.,  walled 
Lake  ,  Mich, 

Windsor  Manufacturing,  Windsor,  Conn. 

Wisconsin  State  University,  Platteville,  Wise, 
Wisconsin,  University,  Madison,  Wise. 

Withrow  Company,  Arthur  C. ,  Los  Angeles,  Calif. 
Wolverine  Brass  Works,  Grand  Rapids,  Mich. 

World  Aerospace  Corp.,  Minneapolis,  Minn. 

World  Tool  4  Engineering  Co.,  Minneapolis.  Minn. 

WR  i  gh  t -Pat  r e r  son  Air  Force  Base,  Fabrication 

Modification  Shop,  WR ight-Patterson  AFB,  Ohio 
Wr ight-Patterson  Air  Force  Base,  Foreign  Disclosure 
Office,  Wright-Patterson  AFB,  Ohio 
Wr  i gh t-Patterson  Air  Force  Base,  Foreign  Technology 
Office,  Wr  i  ght-Patte rsOn  AFB,  Ohio 
Wr  i ght-Patterson  Air  Force  Base,  Manufacturing 

Technology  Division,  Wr i ght-Patterson  AFB,  Ohio 
Wyman-Goroon  Company,  North  Grafton,  Mass. 
Wyman-Gordon  Company,  Worcester,  Mass. 

Xerox  Corporation,  Rochester,  N.y. 

Zen i th  ManufactuR i ng  Company,  Oak  Park,  Mich. 

Zimney  Corporation,  Monrovia,  Calif. 


FIGURE  23  (cent.) 
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NEW  COMPANIES  &  AGENCIES  SUBMITTING  INQUIRIES  TO  AFMDC 


OCTOBER  I,  1968  -  JULY  31,  1969 


A SC  COR'ORAT  ION,  OWiNGS  MILLS,  Mp. 

Asex  Corporation,  Columbus,  Ohio 
Action  Manufacturing  Company.  Philarfi 
Adjustable  Bushing  Corporation,  North 


Atm  i  sal  Machine  Company, 
Aero  precision  Machining 
Affiliate  (i  N/C  SERVICES, 
Air  Force,  Department  of 
Air  Force ,  Department  or 
A  i  °  Force,  Department  of 
Airco,  Berkley,  Calif. 
Alcan  Aluminum  Corporati 
Alcoa  Aluminum  Company 
Alcoa  Aluminum  company 
Al  L BR  I  GH T -NE L L  Co.,  THE 


P  h  i  a  ,  Pa. 
Hollywood ,  Cali 


Barberton.  Ohio 
Corp.,  Franklin  Park, 
Inc.,  Wichita,  Kan. 
The,  los  Angeles,  Cali 


The  , 
The  , 


Van  sens  tK( 
Stratford , 


AFB  , 

CONN  . 


CALiF, 


ON 


OF 


OF 


Riverside,  Calif. 
America,  Cleveland, 
America,  Lancaster, 
Chicago,  III. 


Oh  i  o 

PA  . 


All egh e n y -Luo l um  steel  Corp,,  Brack enr i dge , 
Allcghe.ny-Ludlum  steel  Corp.,  Leechbijut,  Pa. 
Ambac  Industries,  Long  island,  N.Y. 

American  Institute  Research,  Pittsburgh,  Pa. 
Amforge  Incorporated,  Chicago,  III. 


Anderson,  Gordon  S.,  Mfg.  Co. 
Anderson,  Inc.,  Chicago,  III, 

Andrews  Machine  Works,  Covington, 
Arista  Technical  service,  Newark, 
Arizona  Fire  Rating  Bureau,  Phoen 
Army  materials  a  MECH,  Research  CENTER 
Army,  department  of  The,  Warren,  Mich. 
Auburn  University,  Auburn,  Ala. 

Austin  continental  industries,  Inc,. 
Autoclave  Engineers,  Inc.,  Erie,  Pa. 

AVCO  CORPORATION,  LOWELL,  MASS. 

A vc o  Corporation.  Cincinnati,  Ohio 


Millbrook,  N.J. 


Ky  . 

N.J. 

x ,  Ariz. 


Watertown,  mass. 


Ch  «  C AGO  ,  I  Ll  , 


Babcock  &  Wilcox  Company,  Barberton, 
Bauer  Brothers  Company,  Springfield, 


Oh  i  o 
Oh  i  o 


N.J. 


Beale  Air  Force  Base,  Beale  AFB,  Calif 
Bell  Aerosystems,  Buffalo,  N.Y. 

Bendix  Corporation,  The,  Eaton  Town 
Bendix  CORPO«at,on,  The,  Utica,  N.Y. 

Bendix  Corporation,  The,  dayton,  Ohio 
Bfri  in  Supply  Company,  Philadelphia,  Pa. 
Binns  Machinery  Products,  Cincinnati,  Ohio 
Blades  Manufacturing  Corp.,  Rector,  Ark, 
Bodine  Flectric  Company,  Chicago,  III. 
Bolton-Emerson ,  Inc..  Lawrence,  Mass- 
Bower  Roller  Bearing  Company,  Detroit,  Mich. 
Boylan  Company,  P.O.,  Cincinnati ,  Ohio 
Bridgeport  machines  I ncorporateu ,  Bridgeport 
BROQKHAVEN  NATIONAL  LAB  .  ,  LONG  1  5  LAND.  N.Y. 
Browdfr  Industries  Inc.,  Dayton,  Ohio 
Buehler  Corporation,  The,  Indianapolis 
Bunxer-Ramo  Corporation,  The,  Highland 
Burlington  InoustR  ies  ,  Greenboro,  N.C. 


Conn  . 


I  nd  . 

height,  Oh i 


C-E-l-R  Incorporated,  Washington,  D.C- 
Cann  a  Saul  Steel  Company,  Royersford,  Pa. 

Carlson,  6.0.  InC.,  Thorndale,  Pa. 

Carmet  Company,  Ferndale  ,  Mich. 

Carnegie -Mellon  University,  Pittsburgh,  Pa. 

Cessna  Aircraft  companv ,  Hutchinson,  Kan. 

Chem  Tech  Research  Corp.  ,  Medwa>,  Mass, 

Chrome  Plate  Inc.,  San  Antonio,  Tex, 

Chrysler  Corporation,  Detroit,  Mich. 

Cincinnaii  Gear  company.  The,  Cincinnati,  Ohio 
Cin  :  innati  Superior  Products  Company,  Cincinnati,  Oh 
Cinex  Engineering,  Cincinnati,  Ohio 
Circuits,  Tempf,  Ariz. 

Clfco  Industrial  Tools,  Houston,  Tex. 

University,  Cleveland, 


Cleveland  $tai 
Connecticut  cDucational. 
Continental  Consultants. 
Control  Data  Corporatio? 
Control  Data  Corporation 


Oh  i  o 


inc.,  Dayton, 
,  Minneapolis, 
,  Omaha ,  Nr  b . 


Oh  i  0 
Minn. 


Cooper  t  i.  Dust  Rifs,  inc.,  mt  ,  Vernon,  Ohio 
Courter  Technical  High  School,  Cincinnati,  Ohio 
Crafts,  Arthur  A.  Corporation,  Waltham,  Mass. 
Croc  i  ole  Steel  Company,  Syracuse,  N.Y. 


Oh  i  o 

Dayton,  Ohio 
District. 


DavEy  Compressor  Company,  Kent, 

Dayton  Supply  A  Tool  Co.,  The, 

Defense  Contract  Adm.  Services 
Phoenix,  Ariz. 

Delphi  Corporation,  dayton,  Ohio 
Dial  Mach'ne  Company,  levittown,  Pa, 

Diamond  Machine  Works,  Seattle,  Washington 
Diers,  George  H.  Comp  any  t  Cincinnati,  Ohio 
Do-Rite  Tool  ft  MFC.  Company,  Minneapolis,  Minn. 


Evansville,  University  of,  Evansville,  Ind. 


FMC  Corporation,  Indianapolis,  Ind. 

Falk  Corporation,  The,  Milwaukee,  Wise, 
Federal  Cartridge,  St .  Paul,  Minn. 

Formmet  corporation,  Avon,  Ohio 
Fosoick  Machine  Tool  Co.,  Cincinnati,  Ohio 
Franklin  Institute  Research  Lab,  The, 
Philadelphia,  Pa, 


General 
General 
G£N  E  R  AL 
General 
General 
General 
General 


Am  £  W I  CAN 
Dyn AM  I  cs 
El  ectr  ic 
Electr  I  c 
El  ECTR  I  c 
ELECTR  I  C 
Flectr  I  c 


Research  ,  Niles,  III. 

Corp •  ,  Avenel ,  N.J. 

Company,  Jonesboro,  Ark. 

SPfi i ngf i eld  ,  Mass  - 
Albuouerque,  N.M. 

WORTHINGTON,  OHIO 

Greenville,  S.C. 


Company  , 

COMPANY , 

Comp  any  . 

Company , 

General-Gilbert  Corp.,  Winsted,  Conn. 
General  Motors  corporation.  La  Grange, 
Grace,  w.R.  company,  Clarksville,  Mu. 
Grace,  W.R.  company,  Cincinnati,  Ohio 
G.  W.  Plastics  Engineering,  Bethel,  Vt 


III. 


h  &  H  Industries,  Dayton,  Ohio 
Hauser  Research  a  Engineering  CO 
HAWAII  YeCHNOL OG I C al  INFORMATION 
Honolulu ,  Hawaii 

Hayes-Albion  corporation,  Albion 
HECKER.  A . W .  Company,  Cleveland, 
Heyne,  Roy  L.  Machine  Co.,  Phoen 
Hoeganaes  Corporation,  Riverton, 
Hofferberth  Machinery  Co.  ,  Dayton 


,  Boulder,  Colo. 
Center  . 


Mich. 

OH  t  0 

X  ,  ARIZ. 

N.J. 

Oh  i  o 


HOR  5  BURGH  ft  SCOTT  CO.,  The,  CLEVELAND,  OHIO 
HOWE  RICHARDSON  SCALE  CO . ,  RUTLAND,  VT , 

HOwmei  Corporation,  Pamona,  Calif. 

H.  R.  Supply  Company,  C'NCinnati,  Ohio 
Hughes  Aircraft  company,  Canoga  Park,  Calif. 
Aircraft  Company,  Malibu,  Calif, 

Oil  ft  Refining  Company,  Charlotte,  N.C. 
Oil  ft  Refining  Company,  Bala  Cynwyd,  Pa. 
Oil  ft  Refining  Company,  Pittsburgh,  Pa. 
Oil  ft  Refining  Company,  Saegertown,  Pa. 


hughes 
Humb  l  E 
Humble 
Humble 
Hums  l  e 


San  Jose ,  Cal i f . 

Armonk,  N.Y. 

CINCINNATI,  Ohio 
Corporation,  Pennsauken.  N.J. 
of,  Bloomington,  Ind. 
Information  Industries,  Inc.,  Silver  Spring,  Md. 
Ingersoll  Milling  Machine  Co.,  Rockford,  III. 


IBM  Corporation', 
IBM  Corporation, 
IBM  Corporation, 

I  MP  L ANT  RFS  E  AR  CH 
!  ND I  ANA  ,  UN  I  Vc  RS I 


Television,  Inc,,  Hartford,  Conn. 


International  Refining 
International  research 
International  Research 
Mich. 

Invincible  Gear  Company 


and  Mfg . ,  Co 
&  Market i ng , 
CONSUL  TANTS  , 


,  Evanston ,  III. 
Nf.w  York,  N.Y. 
Southf  If ld, 


Detroit,  Mich. 


JEKPBAK'BAi  u  E  3S  COMPANV 

J  o  s  T  e  n  s  Inc.,  Omtonna  , 


Solon,  Oh i 
Minn. 


Kaiser  Aluminum  &  Chemical  Coup  .  ,  Newark.  Ohio 
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Kaiser  Aluminum  ft  Chemical  Core.,  Spokane.  Wash. 
Kam-Way  Mfg. ,  Company  Inc.,  Valley  Stream,  N.Y. 
Kansas,  University  of,  Lawrence.  Kan. 

Kappell,  Lon  C*.  Yellow  Springs,  Ohio 
Kelly  Air  Force  Base,  San  Antonio,  TEx. 

Kennametal  Inc..  Indianapolis,  Ind. 

Kerns  United.  Calumet  City,  III. 

Keyes-Davis  Company,  The,  Battle  Creek,  Mich. 

Lakewood  manufacturing  Company,  Westlake,  Ohio 
La  Poini t  Machine  Tool  Company,  Huoson,  mass. 

Lear  Siegler,  Inc..  Zeeland,  Mich. 

LeBlono  District  Sales  Office,  P.K., 

Cincinnati  ,  Ohio 

Library  of  Congress,  Washington.  D.C. 

Litton  industries,  Inc.,  Bcverl*  hills,  Calif. 
Litton  Industries,  Inc.,  Washington,  D.C. 

Lucas  Machine,  Cleveland,  Ohio 

Machine  Products  Company.  Loveland,  Ohio 
Maine,  University  of,  Portland.  Me. 

Mallory,  P.R.  Metallurgical  Company, 

I n  d i an  apol is,  Ind. 

Marian  College,  Indianapolis,  Ind. 

MASON  ft  COMPANY,  IllC.  ,  NEWPORT  NEWS,  VA  . 

Mechanical  Manufacturing,  Inc.,  Farmington,  Mich. 
Mechanical  Technology  Inc.,  Latham,  N.Y. 

Melfred  welding  a  mfg.,  InC.,  Los  Angeles.  Calif. 
Micromatic  Hone  Corporation,  Detroit,  Mich. 
Micro-Swiss,  Inc.,  Cherry  Hill,  N.J. 

Midway  Company,  Lodi,  N.J. 

Mine  Safety  Appliances  Company,  Pittsburgh,  Pa. 
Minnesota,  University  of,  Minneapolis,  Minn. 
Missouri,  University  of,  Clayton,  Mo. 

Modern  Plastics  Encyclopedia,  York,  n.Y. 

Modine  Mfg.,  Company,  Racine,  wise. 

Motch  ano  MeRRYWeather  Machinery,  Cincinnati,  Ohio 

NASA,  Sandusky,  Ohio 

National  Automatic  Tool  Co.,  Richmond,  Ind. 
National  Gage  a  Die  Company,  Ag.vwam,  mass* 

National  JET  sales  Corporation,  La  Vale,  MO. 

Navy,  Department  of  The,  Vallejo,  Calif. 

New  Britain  Machine  Co.,  The,  Cleveland,  Ohio 
New  York  Gear  works,  Long  Island,  n.Y. 

NEW  YORK,  STATE  UNIVERSITY  OF,  STONY  BROOK,  N.Y. 
Norberg  Manufacturing  Company,  Milwaukee,  Wise. 
North  American  Philips  Co.,  Inc.,  Briarcliff 
Manor,  N.Y. 

NORTH  American  Rockwell  Corp.,  Downey,  Calif. 

North  American  Rockwell  CORP.,  Long  Beach,  Calif. 
Northeastern  Tool  Company,  Haverhill,  Mass. 
Northrop  Corporation,  Anaheim,  calif. 

Norton  Company,  Cincinnati,  Ohio 
Numerical  Control  °rcgram  Serv.  Inc., 

Ab  i  ngton ,  Pa. 

Owens-Illinois  Inc.,  Pittsburgh,  Pa. 

OZONE  METALS  PRODUCTS  CORP.,  OZONE  PARK,  N.Y. 

Pacific  Pumping  company,  Oakland,  Calif. 

Palmer  Electronics  Inc.,  Garfield.  N.J. 

Parsons  diamond  Products,  Inc.-,  West 
HARTFORD,  CONN. 

Patkay,  Stephen  ft  Associates,  Pasadena,  calif. 
Pennsalt  Chemicals  Corp.,  King  of  Prussia,  Pa. 
Piper  Aircraft  Corporation,  Veto  Beach,  Fla. 
Plas-Met  Manufacturing  Corporation,  Biodeforo,  Me. 
Porter-McLeod  Machine  Tool  CO.,  Inc., 

Hatf i eld ,  Mass. 


PORTFR  PBfflS  l  P|iv  PRODUCT?,  CINCINNATI,  Ol4  I  0 
Prospect  Tool  ft  D'E  Co.,  Woburn,  Mass, 

Purex  Corporation,  ltd.,  Wilmington,  Calif, 

Racine  Hydraulics  &  Machinery,  Inc.,  Racine,  Wise, 
Raytheon  Company,  Andover,  Mass. 

ReasselaeR  Polytechnic  Inst.,  Troy,  N.Y. 

Remington  Arms  Company  Inc.,  Ilion,  N.Y. 

Rienier  engineering  ft  Tool  Inc.,  Detroit,  Mich. 
Rockwell  Manufacturing  Company,  Barberton.  Ohio 
Rockwell  Manufacturing  Company,  Pittsburgh,  Pa. 


5KP  Industries,  Inc,,  Massilon,  Ohio 
Schradfr  Automotive  Products,  Dickson.  Tenn. 
Scalol  (nc.,  Providence,  r.i. 

Sr i nshe i MCR  ,  W.G.  &  Assoc.,  Cincinnati,  Ohio 
SErvometer  Corporation,  Clifton,  N.J. 

SlEKMANN,  JACK,  GROSSE  POINT,  MICH. 

Smamonds  Precision  Products  Inc.,  Vergennes,  Vt , 


$  a  n  Francisco,  Calif. 
Wash i ngton ,  D.C. 
Boston,  Mass. 

Detroit,  Mich. 

New  York ,  N.Y. 

Dallas-  Tex. 


Los  Angeles , 


Small  Business  Aomin., 

Small  Business  Admin. 

Small  Business  Admin. 

Small  Business  Admin. 

Small  Bus i ness  Adm i n . 

Small  Business  Admin. 

SOuTh  Beno  Lathe,  South  Bend,  Ind. 

Southern  California,  University  of, 

Calif. 

Southern  Minnesota  statf  College,  Marshall,  Minn. 
Speedring  Corporation,  Warren,  Mich. 

Sperry  Rand  Corporation,  St.  Paul,  Minn. 

Sperry  Rano  Corporation,  Belleview,  pa. 

Stanoard  Pressed  Steel,  Jenkintown,  Pa. 

Strauchen  a  MCK«m  Advertising,  Cincinnati,  Ohio 
Stresskin  Products  company,  Santa  Ana,  Ca'.if, 
Systems  Technology  Corporation,  Dayton,  Oh  1 n 


TRW.  Redondo  Beach,  Calif. 

Taylor  ft  company  Inc,,  Dayton,  Ohio 
Taylor-Wharton  company,  Norwood,  Ohio 
Techno  Truck  Mfg.,  Co.,  Cleveland,  Ohio 
Texas  A  ft  M  University,  college  Station,  Tex. 
Thermo  Electron  Corporation,  Woburn,  Mass. 
Thiokol  Chemical  Corporation,  Marshall,  Tex. 
Toledo,  University  of,  Toledo,  Ohio 
Tool  Steel  Gear  ft  Pinion  Co.,  Cincinnati,  Ohio 
Toolman  Company,  The,  Pasadena,  calif. 

Tooling  and  Production,  Cleveland,  Ohio 
Torrington  Company,  The,  Torrington,  Conn, 
TORRINGTON  COMPANY,  THE,  UNION,  S-C- 
Twin  Disc,  Inc.,  Racine,  Wise. 


UTD  Corporation,  F arm i ng v i l l e ,  N.Y. 

UTD  Corporation,  Cincinnati,  Ohio 
U.S.  Department  of  commerce.  Washington,  D.C. 
U.S.  Naval  Ordnance  Lab,  Silver  Spring,  Md. 
U.$.  Army  -  Fort  Detrick,  Frederick,  Md. 

U.S.  Steel  Corporation,  Pittsburgh,  Pa. 
Unichem  Corporation,  Warren,  Mich. 
Unidynamics,  ST.  Louis,  Mo. 

Union  C*Rb»oe  Corporation,  New  York,  NY. 
UNION  CARBIDE  CORPORATION,  PARMA,  OHIO 
Union  Machine  company.  San  Francisco,  Calif. 
Unison  Corporation,  Madison  Heights,  Mich. 
United  Greenfield  Corporation,  Rogers,  Ark. 
United  Engineering  ft  Mfg.,  Stratford,  Conn. 
Urban  League,  Cincinnati,  Ohio 


Value  engineering  Company,  Alexandria,  Va . 
Vermont  Art  studio,  Pittsford,  Vt . 
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Vermont  Precision  Products,  Inc,,  Bar  tons v i l le ,  Vt . 
Vermont  Structural  steel  Corporation,  Burlington,  Vt. 
Vermont  Tap  a  Die  Company,  Louisville,  Ky. 

Vermont,  University  of,  Burlington,  vt. 

Virginia  State  Technical  Service,  Arlington,  Va . 
Vulcan  -  Cincinnati,  Cincinnati,  Ohio 

W* Dell  Equipment  Company,  Inc.,  Clark,  N.J. 

Wah  Chang  Albany  Corp.,  Albany,  Oreg. 

Walker  machinery  Company,  Cincinnati,  Ohio 
Weatherheao  Company,  Syracuse,  I nc . 

Wemco  Manufacturing  Corporation,  Colorado  springs, 

Colo  . 

West  Virginia  University,  Morgantown,  W.  Va. 


Western  Electric  Company,  inc. ,  Kearney,  N.J. 
Western  Electric  Company,  inc.,  Salem,  n.C. 
Westinghouse  Electric  Corp.,  Lima,  Ohio 
Westingmouse  Electric  Corp.  .  Derby,  Pa. 

Wh i tney-KAppes  Inc.,  Cincinnati,  Ohio 
Whittaker  Corporat'on,  Los  Angeles,  Calif. 

Winona  Tool  Manufacturing  Company,  Winona,  Minn. 
Woodward  Governor  Company,  Rockford,  III, 

WRighT,  Fred  D.  Co.,  Inc.,  Nashville,  Tenn. 

XOMOx  Continental  Mfg,  Co.,  Cincinnati,  Ohio 

Yorde  Machine  Products  Company,  Nelsonville,  Ohio 

Zarkin  Machine  Company,  Inc.,  long  Island,  N.Y. 
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FIGURE  23  (coni,  ) 


SUMMARY  OF  SPECIFIC  INQUIRIES  BY  COMPANIES  MAKING  5  OR  MORE  REQUESTS 


October 


July  31.  1989 


Ab ex  Corporation  ( 3)  * 

Aerojet- General  Corporation-  (6)  * 

Aeronca  Manufacturing  Company 
Aerospace  Research  applications  Center 
Air  Force,  Department  of  the  (7)* 

Al leghen y-Ludl um  co.  (3)* 

All  i  s-chalmers  Manufacturing  company  [?.)* 

ALTAM I  L  CORPOR AT  I  ON 
American  Society  of  Tool  a 
Manufacturing  Engineers  (2)* 

American  Society  for  Metals 
American  Tool  Works 
Amforge  Inc. 

ARGOnne  National  Laboratory 
Arizona  state  University 
Armco  Steel  Corporation  14)* 

Army,  department  of  the  (2)* 

AVCO  COR  POR  AT  I  ON  ( 8 ) * 

Barr y-Wehm i ller 

Battelle  Memorial  Institute  (3)* 

Bell  helicopter  Company 

BEnd  i  x  Corporation  (The)  (13)* 

Berlin  Supply  Company 
Boeing  Company  (The)  (6)* 

Bomar  Company 

Booz  Allen,  applied  research,  Inc.  (2)* 
Dorg-Warner  Company  (3)* 

Brush  Beryllium  Company  (The)  (3)* 

Buehler  Corporation  (The) 

Bullard  company  (The) 

BURNDY  Co°HORAT  I  ON 
CALIFORNIA  GENERAL,  INC. 

Carborundum  Company 
Carmet  corporation 
Carrier  Air  Cond  i  t  i  ok  i  ng  Co. 

Caterpillar  Tractor  company  (2)* 

Chrysler  Corporation  (3)* 

Cincinnati,  University  of 
Cincinnati  Lathe  &  Tool  Company 
Cincinnati  Milling  Machine  Co.  (The)  ( 2 ) * 
Cincinnati  Shaker  Company 
Cleveland  Automatic  Machine  Tool  co . 
Continental  Aviation  &  Engineering 
CO  R  P  *  (2)* 

Cornell  Aeronautical  Laboratory,  Inc. 
Corning  Gla 5S  Works 

Crucible  Steel  Company  of  America  ( 3 )  • 
Cummins  Engine  company,  Inc. 

CURT  I  SS-WR  I  GHT  CORPORATION  (3)* 

DeLaval  Turbine  Inc. 

Do  All  Company  (2)  * 

Dow  Chemical  company  (3)* 

DUNCAN  MANUFACTURING  CO  . 

DuPont,  E.l.  DeNemours  3  Co.  ,  Inc.  (3)* 
Dynamics  Corporation  of  America 
Electric  Products  Inc.  (2)* 

Electrical  Machining  Inc. 

Electronics  Specialty  Company 
ELLIOT  COMPANY 

Federal  Mogul  corporation 
FORD  Motor  Company  (5)* 

Garrett  Corporation  (3)* 

General  Dynamics  Corporation  (5)* 

General  Electric  Company  (35)* 

General  Motors  Corporation  (15)* 


Glibgen  company  (Thf) 

Goodyear  Aerospace  Corporation 
Gray,  G.A. ,  Company  (The) 

Grumman  Aircraft  Engineering  corp.  ( 2 )  ■ 
Hewlett  Packard 

HOBART  MANUFACTURING  COMPANY  (2)* 

Holley  Carburetor  Company  (2)* 

Honeywell ,  Inc.  ( 4) * 

Hughes  Aircraft  Company  (6)* 

Humble  Oil  ft  Refining  Co.  (4)* 

I  | T  Research  Institute 
Illinois,  University  of 
Imgersqll  Milling  Machine  Co.  (The) 
Ingersoll  Ranu  Company  (4)* 
International  Business  Machine 
CORP.  (10)* 

International  Nickel  Co.,  Inc. 

(The)  (4)* 

jerden  Manufacturing  Co. 
jone  s  &  Lamson 
Kennametal ,  Inc.  (4)  * 

Kinsey,  E.A.,  Company  (The) 

Kronenberg,  DR.  Max 

LAD  I  SH  COMPANY 

Lakewood  Manufacturing  Co. 

LeBlond,  R.K.  Machine  Tool  Co. 

(The)  (2)* 

L i ng-Temco-Vought ,  Inc.  (3)* 

L  1  T  T  ON  I  NDUSTR  I  E  5  (2 )  * 

Lockheed  Aihcraft  corporation  (5)* 
Lodge  &  Shipley  company  (The) 

Machine  Design 
Mach i nery  (2) * 

Marquarot  Corporation  (The) 

Marquette  Metal  Products  Co. 

Martin  Company  (4)* 

Massachusetts  Institute  of 
TECHNOLOGY 

Massey-Ferguson  Inc. 

McDonnell  Douglas  Corporation  (4)* 
Menasco  Manufacturing  Company  (2)* 
Metalworking  magazine 
Metcut  Research  Associates  Inc. 

Metem  CORPORAT  I  ON 
Michigan,  University  of 
Modern  Machine  Shop  (3)* 

Monsanto  Research  Corporation  (3)* 

Mojg  Inc. 

MOREHEAD  STATE  UNIVERSITY 

National  Aeronautics  ft  space 
Admin i strat ion  (6) * 

National  Lead  Company  (2)* 

Navy,  department  of  the  (5)* 

New  Britain  Machine  co.  (The)  (2)” 

New  England  Research  Application 
Center 

North  American  Rockwell 
Corporation  ( 9 ) * 

NORTH  CAROLINA  STATE  UNIVERSITY 

Nchthhop  corporation  (2)* 

NORTON  COMPANY  { 2 ) * 

Owens- Illinois  (3)* 

Pennsylvania  State  University 
(The) 

Philco  Corporation  (2)* 


No .  of  Divisions 
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Pioneer  Astro  Industries  Inc. 

Planet  Products  Corporation 
Pratt  &  Whitney  Aircraft  (3)* 

Radio  corporation  of  America  (4)* 
Raytheon  Company  (4)* 

Re  act i ve  Metals ,  Inc. 

Reynolds  Metals  Company 

Rock  I  sl and  Arsenal 
RCJIP  CORPORATION 
Sandia  Corporation 
Small  Business  Administration  (12)* 
Southern  Illinois  University 
Sperry  rand  Corporation  (10)* 
Standard  Oil  Company  (The)  (3)* 
Standard  Pressed  Steel  co. 

State  University  of  new  York  at 

B 1 NGH AMTON  ( 2 ) * 

Steel  magaz i ne 

SUNDSTRAND  CORPORATION  (4)* 

TRW ,  I NC .  ( 6 ) * 

TEledyne  Company  (6)* 

Tennessee,  University  of  (2)* 

Texaco  experiment  Inc.  (2)* 

Therm ,  i nc . 


5 
9 
2  1 
1  1 
7 

1  2 

7 

21 
1  2 
1  7 
48 
1  1 
'«  6 

5 

6 

5 

1  2 

23 
60 
1  8 
9 
5 

1  8 


Thiokol  Chemical  Corporation  (2)*  12 
Tinker  Air  Force  Base  27 
Tool  Sales  a  Service  10 
Tool  Steel  Gear  a  Pinion  Co.  (The)  (2)*  8 
U.S.  Department  of  Commerce  (2)*  6 
U.S.  Department  of  defense  5 
U.S.  Naval  Applied  Science 

Laboratory  (2)*  7 
UTD  Corporation  (4)*  9 
Union  Carbide  Corporation  (7)*  70 
United  Aircraft  Corporate  Systems 

Center  (3)*  16 
Vale  RON  Corporation  (The)  (3)*  6 
Van  Straaten  Chemical  Company  5 
Vermont  American  Corporation  16 
Vermont  ,  ijn  i  vers  i  T y  of  11 
W'almet  Corpora  i  i  on  (The)  (2)*  5 
Waukesha  Cutting  Tools  5 
Wayne  State  University  21 
Westehn  Electric  Company,  Inc.  (5)*  6 
Westinghouse  electric  Corporation  (12)*  52 
Whittaker  Corporation  (3)+  6 
Windsor  Manufacturing  (2)*  10 

WR  I  GH T-P ATT ERSON  AiR  FORCE  BASE  (5)*  75 

Wyman-Gordon  Company  (2)*  12 
Xerox  Corpqrat i on  6 


J 
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FIGURE  24  (cont.) 


A»8  FORCE  MACK  INABILITY  DATA  CENTER 


PHOTOGRAPH  OF  AFMDC  TITANIUM  BOOKLET 


YPICAL  FORMATS  FOR  DATA  PRFSENTA 


f1  « 


DATA  ACQUISITION  PLANT  VISIT  PROGRAM 


LIST  OF  COMPANIES  THR^'GH 

kf  r  o  j  a  t  -  Gerte  r a  i  Corporation 
Sacramento,  Ca I i to rn i a 

Aerospace  Research  Applications  Cantor 
Bloomington,  Indiana 

AiRasearch  Manufacturing  Company 
Phoenix,  Arizona 

American  Bosch  Aroia  Corporation 
Garden  City,  Hew  York 

American  Welding  &  Manufacturing  Company 
Warren,  Ohio 

Argonne  National  Laboratory 
Argonna,  1 1  I  inois 

Ayco  Corporation 
Nashville.  Tennessee 

Beach  Aircraft  Corporation 
Wichita,  Kansas 

Bell  He  I  i copter  Company 
Ft.  Worth,  Texas 

Bendix  Corporation 
Teterboro,  New  Jersey 

Boeing  Company  (The) 

Wichita,  Kansas 

Boeing  Company  (The)  (2)* 

Seattle,  Washington 

General  Dynamics  Corporation 
San  Di ago,  California 

General  Dynamics  Corporation  (3)* 

Ft.  Worth,  Texas 

General  Electric  Company 
Phoenix,  Arizona 

Giddings  t  Lewis  Inc. 

Fond  Du  Lac,  Wisconsin 

Grinding  Wheal  institute 
Pittsburgh.  Pennsylvania 

Hughes  Aircraft  Company 
Tucson,  Arizona 

Hughes  Ai rcraf t  Company 
Culver  City,  Ca I i f o rn i a 

Kaiser  Aerospace  &  Electronics 
Glendale,  California 

Kaiser  Aerospace  &  Electronics  (2)* 

San  Leandro,  California 

Ling-Temco-Vought,  Inc, 

Dallas,  Texas 

Lockheed  Aircraft  Corporation  (2)* 

Burbank,  California 

Leckheed-Gecrgi  a  Company 
Marietta,  Georgia 


JULY  31.  1969 

Lockheed  Aircraft  Corporation 
Sunny  vale,  California 

Martin  Company 
Orlando,  Florida 

Menasco  Manufacturing  Company 
Burbank,  Ca I i f o rn  ia 

McDonnell  Douglas  Ccrporation 
Long  Beach,  California 

McDonnell  Douglas  Corporation 
Santa  Monica,  California 

McDonnell  Douglas  Corporation 
St .  Lou  i  s ,  Mi ssour  i 

North  Amer ican  Rockwe  1 1  Corporation 
Anahe  im ,  Cal i torn  i  a 

North  Ame r ican  Rockwe  I  I  Corporation 
Downey,  Calitornia 

North  American  Rockwell  Corporation  (2)* 
Canoga  Park,  Cal i torn ia 

North  American  Rockwell  Corporation  (4)* 
Los  Angeles,  Cal  I forn  ia 

Northrop  Norai  r 
Hawthorne,  California 

Northrop  Ventura 
Newbury  Park,  Cai  i  fornia 

Pratt  &  Wh i tney  Aircraft 
West  Palm  Beach,  Florida 

RCA 

Camden,  New  j  ersey 

Sandia  Corporation 
Albuquerque,  New  iiex.co 

Sols r/D i V .  of  international  Harvester 
San  D i ego.  Cal  i  f orn ia 

Sperry  Gyroscope  Company 
Great  Neck,  New  York 

Sperry  Rand  Corporation 
Sperry  Flight  Systems  Division 
Phoenix,  Arizona 

TRW 

Cleveland,  Ohio 

Ti  nka  Ai r  Force  Base 
Ok  I  a  ma  City,  Ok  I  ahema 

Union  Carbide  Corporation 
Oak  Ridge,  Tennessee 

Western  Electric  Company,  Inc. 

Ok  I  ahoma  City,  Dk  I  ahoma 

Westinghouse  Electric  Corporation 
Sunnyvale,  California 


(  )*  more  than  one  visit 
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CODE  SHEET  FOR  PROJECT  TIME  CARD 

(USED  BY  EMPI  OYEES  FOR  RECORDING  HOURS  ON  DAILY  TIME  CARDS) 


DIRECT  LABOR 


1000 


} 


} 


INQUIRIES 

■-NGiNEE"  iNG  S  L'PtLU  Sl  ON*  1110 

Inquiry  Stragety  anp  Inquiry  Appp:  'al  lilt 

l-\»  >■  IN  I  NG  Ci'.'A  ALTS  13  I  1  20 

Answering  Inquiries  1121 

:cma  processing  i  1 30 

Keypunching  1 l31 

VE«  I h (CATION  1132 

Sor  TING  it  33 

Coo  I NG  1134 

Dec  ou  inc»  1135 

Computer  Processing  1136 

UiA  CONTROL  1  14C 

Forms  and  Document  Handling  1141 

C A 7 A  ACQU  I  Si  T  I  Oft’  1  150 

Special  Acquisition  for  Inquiries  1151 

PE  PPG DUCT  I  ON*  1 160 

Xerox  i 161 

Ditto  1 1 63 

Draw i ng  1165 

SYSTEMS  ANALYSIS  1170 

Techn i cal  Review  1  1 71 

COST  EvALUAT  ion  1172 

VISITS  TO  AFMDC  -  TECHNICAL*  1  1  80 

Materials  Support  D'v  s i on  1181 

Others  1 i 82 

ORIGINAL  PITA  ENTRY 

ENGINEERING  SUPERVISION  1210 

Technical  Planning  1211 

MACHINING  DATA  ANALYSI 3  1220 

Preliminary  screening  1221 

Preliminary  Technical  Evaluation  1222 

Final  7.  ical  FvAlUAiicn  (put  Document 

Co-  ’rol  A  .  on  Doily  lime  Slip )  1223 

CORRELATION  OF  MACHINING  DATA  1224 

VAR | ABLES 

DA  |  A  PKOaSSING  1230 

Keypunching  1231 

Ver  i  f i cat i on  1 232 

Sorting  1233 

Coding  1234 

DECODING  1235 

Computer  Processing  1236 

DAI  A  CON  TRUE  1240 

Forms  and  Document  Handling  1241 

REPRODUCTION  1250 

Xehox  1251 

Drawing  of  Data  sheets,  etc.  1253 

SYSTEMS  ANALYSIS  1 260 

Technical  Review  1261 

Cost  Evaluation  1262 

Data  Acquisition  Evaluation  1263 


DATA  AC  Ql.l  l  S I  :  i  ON  -  i  I  TF  RATU  PE  12  70 


Industrial  Contributors  of  Machining 

reports  anu  Case  Histories  1271 

Dome  Stic  Periodical  Literature  1272 

Foreign  Per'ooical  Literature  1273 

Industrial  Trade  Literature  1274 

Technical  Institutions,  Professional 

Sccif.ties,  and  Associations  1275 

Publishers  of  Handbooks.  Manuals,  Books  1276 

Information  Centeps  1277 

Government  agencies  1278 

Mach i nab i l i t y  Laboratories  1279 

DATA  ACQUISITION  -  BY  TECHNICAL  PERSONNEL  1280 


Plant  Visits  1281 

Telephone,  TWX,  Telegram  1282 

letters  1283 

Techn  i  cal  Meet  i  ngs  (Mach'i nab  i  l  i  ty)  1284 

Technical  Meetings  (Information  SCIENCE)  1285 

Foreign  Plant  Visits  1286 

Foreign  Technical  Meetings  1287 

Industry  spec i al  1 288 

DATA  STORAGE  1290 

Document  File  1291 

Support  Infqpmation  (Books,  etc,)  1292 


GENERAL  PI SSFMINAT ION  OF  MACH  INABILITY 
DATA  AND  CENTER  INFORMATION 


Publication  in  Technical  Literature  1310 

Presentation  at  Technical  Meetings  1311 

Presentation  at  Plants  1312 

State  Technical  Servicer  Programs  1313 

AFMDC  Exhibits  1 320 

Newspapers  (Metalworking,  etc.)  8  Magazines  1330 

User  List  (Technical  Aspects)  1340 

User  List  Products  1350 

Nontechnical  editing,  rep*«5uction  ft 

handling  1355 

AFMDC  Pamphlets,  Announcements,  etc.  1360 

Special  Reports  (State-of-the-art,  etc.)  1370 

Bibliographies  1380 

AFMDC  SYSTEM  REPORTS  ANP  MEETINGS 

Monthly.  (MTD)  1  410 

Quarterly  (MTD)  1420 

Annual  (MTD)  1430 

Operations  Manual  1440 

Detailed  code  Book  1450 

AFMDC  Meetings  1460 

Air  Force  Materials  Laboratory  and 
Information  Branch  Meetings,  Reports, 
and  Conferences  1470 

Special  Reports  for  Materials  Support 

Division,  DOD,  etc,  1480 

MACH  IN  INC  DATA  VERIFICATION  -  EXPERIMENTAL 

(Provisional  -  Presently  Inactive) 

Plann ing  1501 

Testing  1502 

Reports  1503 


] 

\ 

i 

i 

i 


mPut  Inquirer  and  Sequence  numbers  in  Operation  space 
on  Time  Card.  The  Inquii  ei  So.  and  Sequence  -Vo,  are  those 
blocked  of  af  the  top  of  IF-l  as  shown  here: 


SEE  APPENDIX.  PAGE  A-16  47  FIGURE  29 
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CODE  SHEET  FOR  PROJECT  TIME  CARD  f  cent  ,nUcj) 


SYSTEMS  ANALYSIS  -  GENERAL 

1130  Computing  System  (Systems  Aspects!  1610 

Statistical  Program  tor  Analysis  of 

Center  Effectiveness  (SPACEl  1620 

1130  Computing  System  (Technical  Aspects)  1630 


INDIRECT  LABOR 


General  Repair,  Cleaning,  Painting  0101 

Training  0102 

Sickness  or  Excused  Absence  0103 

Vacation  0104 

Acquisition  of  m/jor  Facilities  and 

Equipment  0105 

Acquisition  of  Minor  Equipment  and 

Supplies  0106 

Proposals  and  Setting  up  Programs  0116 

Techn 1  cal  Meet  1 ngs  and  Papers  (not  directly 

related  to  AFMDC)  0127 

General  ATMDC  Clerical  and  Office  work  0128 

General.  AFMDC  Admi n  i  stra  r  1  on  0150 

Typing  and  Clerical  on  Inquiries  0151 

Typing  and  Clerical  on  original  Data 

Entries  0152 

Handling  of  Mail  0153 

Personnel  (Hiring,  etc.)  0154 

User  File  (Typing  and  Clerical)  Otos 

Visitors  (Transportation,  System 
Demonstration,  General  AFMDC 
Information)  0156 

Data  Processing  (Time  Caros,  etc.)  0157 

Typing  and  Clerical  On  User  Products  0158 

Miscellaneous  AFMlIC  Nonchargeable  Services  0159 
Library-Support  Information  C160 


PURCHASES 

For  Purchases  precede  code  by: 

Eiamp I p  a : 

1000-1230  IBM  CARDS  FOR  DATA  PROCESSING,  ETC. 
1000-0000  Indirect  charges  such  as  general  supplies 
1000-1272  Purchase  cr  domestic  periodical  litf.ratur 


1000 


FIGURE  29  (cont.  ) 
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TIMEKEEPER 


DECK  TOTAL  HOURS  ■  J6.00 


AFMOC OPERATING  COSTS 

OCTOBER  I,  1966  -  JULY  31,  1969 


INPUT  COSTS 

TECHNICAL  evaluation 

DATA  PROCESSING 

DOCUMENT  ACQUISITION  £  REPRODUCTION 

S 

37,626.04 

26.703.77 

18,568.70 

EQUIPMENT.  SUPPLIES  £  SERVICES 

80,920.51 

10,641.73 

TOTAL 

31,562.24 

OUTPUT  COSTS 

INQUIRIES! 

TECHNICAL  EVALUATION 

DATA  PROCESSING  £  RETRIEVAL 

DATA  ACQUISITION  £  REPRODUCTION 

s 

45,283.70 

11,588.60 

6.109.20 

GOVERNMENT  AGENCIES 
(NOT  INCLUDING  SBA  £  STSP) 

ALL  OTHER  ORGANIZATIONS 

4.649.58 

5B. 131.92 

62,981.50 

TuTAL 

DATA  PRODUCTS: 

62,081.50 

DATA  PRODUCTS  COMPLETED  £  IN  PROCESS  (INCLUDING  PRINTING  COSTS) 

s 

19,295.62 

EQUIPMENT.  SUPPLIES  £  SERVICES 

TOTAL 

6.4S6.47 

25,752.00 

36,733.59 

GENERAL  DISSEMINATION 

1  GENERAL  DISSEMINATION  OF  MACH INAGIL 1 TY  DATA  &  CENTER  INFORMATION 

s 

4,289.70 

EQUIPMENT,  SUPPLIES  £  SERVICES 

TOTAL 

1.403.68 

5,603.84 

REPORTS 

AFMDC  SYSTEMS  REPORTS: 

AFMOC.  MSD  AND  INFORMATION  BRANCH  MEETINGS  AND  SPECIAL  MSO 

REPORTS 

$ 

16. 574. OB 

EQUIPMENT.  SUPPLIES  £  SERVICES 

TOTAL 

4.462.49 

21,0.76.57 

SYSTEMS  ANALYSIS.  MODIFICATION  & 

CONTROL 

TECHNICAL  EVALUATION 

DATA  PROCESSING  •  IBM  1130  COMPUTING  SYSTEM: 

TECHNICAL  ASPECTS 

SYSTEMS  ASPECTS 

OPERATIONS  MANUAL  £  CODE  BOOK  REVISIONS  £  ADDITIONS 

EQUIPMENT,  SUPPLIES  £  SERVICES 

total 

s 

2,818.06 

1,139.91 

9,920.27 

1.525.00 

15,404. 14 
1,529.76 
16,033.90 

TOTAL  ACTUAL  COSTS  NOT  INCLUDING  FIXED  FEE 

i 

223,959.94 

SEE  APPENDIX.  PAGE  A- 1 6 
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FIGURE  32 


AFMDC  INPUT  4  OUTPUT  SUMMAjO 


October  1,  1964  -  July  31.  1969 
SYSTEM  INPUT 

Document  and  Card  Totals 


Documents  Entered  into  the  System  (including  Specific  Inquiries) 

Oct.  1.  1964  -  Jan.  31.  1967  37.576 
Feb.  1,  1967  -  Jan.  31,  1968  3,695 
Peb.  1,  1968  -  Sept.  30,  1958  ",  341 
Oct.  1,  1968  -  July  31,  1969  3,316 


Total  26, 928 

Evaluated  Documents  (including  Specific  Inquiries'' 

Oct.  1,  1964  -  Jan.  31,  1967  9.367 

Peb.  1,  1967  -  Jan.  31,  1968  3,734 

Feb.  1,  1968  -  Sept.  30,  1968  2,840 

Oct.  1,  1968  -  July  31,  1969  3,780 

Total  19, 721 


Total  Cards  Punched 

Oct.  1,  1964  -  Jan.  31.  1967 
Feb.  1,  1967  -  Jan.  31,  1968 
Peb.  1,  1968  -  Sept.  30,  1968 
Oct.  1,  1968  -  July  31,  1969 

Total 


SYSTEM  OUTPUT 

Specific  Inquiries 

Inquiries  Received  October  1,  1964  -  January  31,  1966  595 
Individual  Organizations  Represented  314 
U. S.  Government  Standard  Industrial  Classification  (SIC)  Represented  72 

Inquiries  Received  February  1,  1966  -  January  31,  1967  736 
Individual  Organizations  Represented  396 
U.S.  Government  Standard  Industrial  Classification  (SIC)  Represented  90 

Inquiries  Received  February  1,  1967  -  January  31,  1968  1,002 
Individual  Organizations  Represented  485 
Individuals  Represented  690 
U.S,  Government  Standard  Industrial  classification  (SIC)  Represented  96 

Inquiries  Received  February  1,  1968  -  September  30,  1968  982 
Individual  Organizations  Represented  439 
Individuals  Represented  596 
U.S,  Government  Standard  Industrial  Classification  (SIC)  Represented  105 

Inquiries  Received  October  1,  1968  -  July  31,  1969  1, 141 
Individual  Organizations  Represented  520 
Individuals  Represented  753 
U.S.  Government  Standard  Industrial  Classification  (SIC)  Represented  106 


75, 173 
27,077 
13,833 
33,868 

149,951 


FIGURE  33 
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AFMDC 


OUTPUT  SUGARY  Uon' ;  J 


Data  Products 

AFMDC  65-1 
AFMDC  66-1 
AFMDC  66-1 
AFMDC  66-1 
AFMDC  66-1 
AFMPC  66-1 
AFMPC  66-1 
AFMDC  66-1 
AFMDC  66-1 
AFMDC  66-2 
AFMDC  66-3 
AFMDC  68-1 

AFMDC  68-2 


Copies 
Di  at  r  l  but  i-d 


,  Machining  Data  for  Titanium  Alloys 

,  Machining  Data  for  Numerical  Control 

.  1,  Machining  Data  for  Numerical  Control-Turning 

.2,  Machining  Data  for  Numerical  Control-Fac"  Milling 

.3,  Machining  Data  for  Numerical  Control -Drill ing 

.4,  Machining  Data  for  Numerical  Control-Peripheral  End  Milling 

.5,  Machining  Data  for  Numerical  Control -End  Mill  Slotting 

.6,  Machining  Data  for  Numerical  Control -Tapping 

.7,  Machining  Data  for  Numerical  Control-Reaming 

,  Grinding  Ratios  for  Aerospace  Alloys 

,  Machining  Data  for  Beryllium  Metal 

,  Determination  &  Analysis  of  Machining  Cost  &  Production  Rates 
Using  Computer  Techniques 

,  1968  Supplement  to  Machining  Data  for  Numerical  Control 


Unit  Costs 

Per  Inquiry  (595)  -  Oct.  1964  -  Jan.  1966 
Per  Inquiry  (736)  -  Feb.  1966  -  Jan.  1967 
Per  Inquiry  (1002)  -  Feb.  1967  -  Jan.  1968 
Per  Inquiry  (982)  -  Feb.  1968  -  Sept.  1968 
Per  Inquiry  (1141)  -  Oct.  1968  -  July  1969 


$  47.49 
45.02 
52.66 
58.58 
55.  19 


Average  Cost  Per  Inquiry  (4456)  -  Oct.  1964  -  July  1969 
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FIGURE  33  (cont.) 


ECONOMIC  ENVIRONMENT  FOR  AFMDC  OPERATIONS 
(ANNUAL  COSTS) 


Labor  and  Overhead  Costs  for  Operating  Metni  Cutting  Machine  Tools  in 
the  Metalworking  Industries  in  the  United  States 

Based  on  the  1963  Inventory  and  actual  1961  and  1965  metal  cutting 
machine  tool  shipments,  American  Machinist  estimated  that  approximately 
2,500,000  machine  tools  were  in  use  at  the  end  of  1965. 


Total  number  of  metal  cutting  ma 
industries 

Average  labor  cost  +  overhead 
Average  working  day 
Number  of  working  days  per  year 
Average  number  of  direct  labor 
personnel  per  machine 
Total  cost  of  Labor  +  Overhead: 
2.500,000 x  $8.00  x  8  x  250  x  1 

S40.000, 


ine  tools  in  the  metalworking 
=  2,500, 001 

=  $8.00  per  hour 

=  8  hours 

r  250 

1 

$40,000,000,000 

0,000 


Total  Shipments  Including  Exports  of  Metal  Cu tting  Type  Metalworking 
Machinery 

$1,040,766,000  (1965) 

Source:  U.S.  Department  of  Commerce 

Machine  Tool  Accessories  Industry 

$971,000,000 

(including  small  cutting  tools  for  machine  tools  and  metalworking 
machinery  in  the  ciiount  cf  $598,000,000) 

Source:  1965  Census  of  Manufacturers 
Bureau  of  Census 


Cutting  Fluids 


$35,000,000 


Source:  “Coolant  Control...  a  plant  study  plan”  by  B.  F.  Wilson, 

Automatic  Macnining,  June  1965. 


FIGURE  34 
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COST  SAVINGS  RESULTING  FROM  AFMDC'S  OPERATION 


OCTOBER  i.  1964  -  JULY  31,  1969 

COST  SAVINGS  RESULTING  FROM  AFMDC*S 
RESPONSE  TO  SPECIFIC  INQUIRIES 

Total  Number  of  Specific  Inquiries  4,456 

Estimated  Total  Number  of  Machining  Situations  Included  in  the  4,456 
Inquiries  -  22.930 

Estimated  Savings  per  Machining  Situation  Response  -  $800.00 

Estimated  Total  Savings  Resulting  from  Specific  Inquiries  -  22,930 
Machining  Situations  x  $800.00  -  $18,344,000.00 


COST  SAVINGS  RESULTING  FROM  AFMDC’S  13  DATA  PRODUCTS 

Total  Number  of  Data  Product  Copies  Distributed  -  17,833 

Estimated  Number  of  Machining  Situations  Utilized  per  Data 
Product  Copy  *  _5 

Estimated  Total  Number  of  Machining  Situations  -  17 , 833  Data  Product 
Copies  x  _5_  -  89. 165 

Estimated  Savings  per  Machining  Situation  -  $300 . 00 

Estimated  Total  Savings  Resulting  from  Data  Products  -  89 , 165  Machining 
Situations  x  $300.00  -  26 , 749 , 500.00 


Total  Estimated  Cost  Savings  Resulting  from  AFMDC'S  Operation 


$  45,093,500.00 


FIGURE  35 
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y  i 


(l)  Large  Company 

(I)  Intermediate  Company 

(S)  Small  Company 


FUTURE  PLANNING 


MAJOR  GOALS 


1.  Prepare  and  publish  a  major  revision  of  the  Machining  Data  Handbook.  This  will 
require  a  significant  amount  of  AFMDC  effort. 

2.  Prepare  cost  savings  analyses,  proposed  inquiry  charges  and  related  informa¬ 
tion  for  the  potential  subscribers  to  AFMDC’ s  services. 

3.  Begin  to  institute  inquiry  charges  to  AFMDC’ s  users. 

4.  Plan  and  institute  a  program  designed  to  produce  a  high  volume  of  sales  of  the 
Machining  Data  Handbook  in  order  to  recover  costs  incurred  in  its  preparation 
and  publication. 

5.  Set  up  seminars  at  AFMDC  and  in  selected  areas  whereby  key  personnel  involved 
in  manufacture  of  advanced  aerospace  vehicles  will  be  invited  to  attend.  One 
of  the  prime  subjects  to  be  discussed  at  these  seminars  will  be  the  machining 
o  f  titanium  alloys  which  will  be  in  heavy  usage  in  these  vehicles. 

6.  Continue  the  analyses  of  the  considerable  hard  machining  data  in  AjMDC  storage 
with  the  assist  of  the  computer.  The  main  objective  is  to  determine  what  re¬ 
lationships  and  correlations  may  exist  between  the  various  types  of  machining 
parameters  and  work  materials. 

7.  Increase  utilization  of  AFMDC  to  meet  the  needs  of  industry  personnel  who  have 
the  responsibi 1 ity  for  producing  hardware  and  solving  machining  problems. 

8.  Continue  to  identify  and  make  personal  contacts  with  personnel  in  all  ech¬ 
elons  who  can  utilize  machining  information  available  from  the  Center.  Em¬ 
phasis  will  be  given  to  contractors,  subcontractors  and  sub-subcontractors 
producing  components  for  advanced  aerospace  vehicles. 

9.  Continue  coordination  with  the  various  State  Technical  Services  Programs  and 
Small  Business  Administration  Technology  Utilization  Programs.  Also,  close 
cooperation  will  continue  with  the  National  Referral  Center  and  other  Centers. 

10.  Establish  closer  coordination  with  the  Foreign  Technology  Division  for  the 
purpose  of  more  extensive  utilization  of  the  foreign  literature  in  their  files 
andwider  dissemination  of  this  information. 

11.  Continue  the  program  of  plant  visitation  to  make  industry  aware  of  the  data 
stored  by  AFMDC  and  to  obtain  cooperation  for  input  to  AFMDC. 

12.  Continue  to  study  the  potential  of  a  computer  data-iink  by  users  of  the  Center. 
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APPENDIX 


Description  of  AFMDC  (page  1) 


This  description  of  AFMDC  is  distributed  by  the  Center  in  the  form  of 
a  pink  flyer  (3-1/2''  x  7-1/2")  with  the  information  relating  to  Scope, 
Collection,  and  Information  Services  on  one  side  of  the  card  and  with 
instructions  on  how  to  request  machining  information  from  AFMDC  on  the 
other  side.  The  pink  flyer  is  convenient  in  size  which  makes  it  possi¬ 
ble  to  include  it  in  ail  types  of  mailings  and  to  use  it  for  handouts 
at  meetings  and  for  Center  visitors.  Various  plants  have  also  used 
AFMDC  flyers  to  acquaint  machining  personnel  with  Center  services. 


By  including  detailed  information  on  how  to  request  machining  informa¬ 
tion,  it  is  hoped  that  some  loss  in  time  can  be  avoided  and  that  the 
search  strategy  required  will  be  simplified.  Information  shown  on  page 
1  has  also  heen  furnished  for  the  Air  Force  Materials  Information  Cen¬ 
ters  (AFMIC)  booklet,  February  1968. 

AFMDC  Organization  Chart  (Figure  1,  page  2) 

This  Organization  Chart  is  self-explanatory,  hut  certain  comments  may 
be  helpful  toward  gaining  a  fuller  understanding  of  the  basic  plan. 
One  of  the  most  important  aspects  of  AFMDC’s  organization  relates  to 
use  of  engineering  personnel.  These  persons  are  professionally  trained, 
experienced  people  who  have  the  capability  of  judging  the  value  of  ma¬ 
chining  information  for  input  purposes  and  to  make  technical  analyses 
of  output  used  for  answering  specific  inquiries  as  well  as  developing 
data  products. 

Systems  Analysts  are  employed  on  a  part-time  basis,  with  emphasis  being 
placed  in  three  areas:  1)  Data  Processing,  2)  Document  Processing,  and 
3)  Data  Acquisition.  Consultants  ore  used  to  a  limited  extent. 


Up  to  the  present  time,  almost  complete  emphasis  on  document  acquisi¬ 
tion  has  been  given  to  domestic  considerations.  Since  the  foreign  lit¬ 
erature  and  foreign  efforts  relating  to  mach inabi 1 i ty  are  significant, 
this  area  has  been  covered  by  using  a  consultant  to  report  on  foreign 
trends  as  they  may  influence  need  for  domestic  cognizance. 

Since  AFMDC  is  operated  by  Metcut  Research  Associates  Inc.,  full  advan¬ 
tage  is  taken  of  the  capabilities  of  Metcut  personnel  not  associated 
with  AFMDC  on  a  full-time  basis.  This  includes  Dr.  Michael  Field,  pres¬ 
ident  of  Metcut,  Mr.  Norman  Zlatin,  vice-president  of  Metcut,  Dr.  John 
F.  Kahles,  vice-president  of  Metcut,  and  Mr.  John  Christopher,  who  is  a 
project  engineer  in  charge  of  experimental  machining  data  being  devel¬ 
oped  at  Metcut. 


Since  metal  removal  is  a  very  complex  technical  discipline,  it  is  ob¬ 
vious  that  not  all  of  the  capability  required  can  be  centered  in  one 
organization,  and  therefore  use  has  been  made  of  part-time  analysts, 
located  at  several  companies. 

Two  important  areas  of  AFMDC  systems  are  document  acquisition  and  data 
processing.  Document  acquisition  is  responsible  for  acquiring  input 
from  both  domestic  and  foreign  sources  covering  the  entire  broad  scope 
of  machining  information  required  to  meet  the  output  of  the  Center, 
Data  processing  is  a  key  function  required  for  storage  and  retrieval  of 
the  detailed  evaluated  and  coded  information  extracted  by  Machining 
Data  Analysts.  Mechanical  processing  of  data  was  accomplished  prior  to 
July  1,  1966,  by  Electrical  Accounting  Machine  (EAM)  equipment.  Part  of 
this  equipment  now  supports  the  IBM  1130  computer,  which  is  the  medium 
for  storage  and  retrieval  of  processed  information. 

From  an  information  point  of  view,  the  Organization  Chart  also  reflects 
handling  aspects  of  information  which  do  not  require  full-time  activity. 
Trained  competent  secretarial  personnel  handle  activities  of  the  files 
pertaining  to  inquiries  and  data  products. 

Part-time  Systems  Analysts  are  used  to  develop  required  computer  pro¬ 
grams  and  systems  evaluation  of  current  operations.  Capability  of  full¬ 
time  engineering  and  data  processing  personnel  has  been  developed  to 
supplement  the  effort  now  being  expended  by  part-time  Systems  Analysts. 

AFMDC  Operational  Areas  (page  3) 

Each  of  the  functional  areas  of  operation  of  AFMDC  has  been  assigned  a 
code  number  from  1  through  9  and  0.  These  time  codes  are  used  in  con¬ 
nection  with  the  codes  shown  in  Figure  29,  pages  47  and  48,  Code  Sheet 
for  Project  Time  Card.  For  example,  a  Machining  Data  Analyst  in  func¬ 
tional  area  No.  4  who  is  answering  inquiries  will  use  the  code  4-1121. 
If  a  Machining  Data  Analyst  in  area  No.  4  is  performing  in  another 
operational  area,  such  as  assisting  in  technical  aspects  of  document 
acquisition  by  obtaining  data  from  industrial  plants  (see  Figure  29, 
pages  47  and  48,  time  code  1281),  he  will  use  the  time  code  7-1281. 
Since  the  project  time  card  also  includes  his  employee  number  and  the 
operational  area  in  which  he  functions,  it  is  possible  to  determine  the 
extent  of  time  spent  by  employees  in  their  principal  assigned  area  as 
compared  with  time  they  spend  in  other  functional  areas  of  the  Center 
(see  actual  Daily  Time  Slip,  Figure  30,  page  49).  More  important,  the 
stored  punched  card  information  from  the  project  time  card  is  valuable 
in  providing  detailed  analyses  of  the  various  cost  aspects  pertaining 
to  the  Center’s  operation. 


AFMDC  Operations  Chart  (Figure  2,  page  4) 

Basically  the  Operations  Chart  divides  functions  into  two  principal 
parts:  1)  System  Input  and  2)  System  Output.  The  other  function  shown 
in  the  heading  is  System  Analysis  and  is  linked  to  input  and  output  to 
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insure  and  measure  the  effectiveness  of  the  two  Major  functions.  All 
sources  of  information  are  referenced  as  documents1  regardless  of 
whether  they  are  journals,  books,  technical  reports,  data  sheetB,  micro¬ 
film,  abstracts,  etc. 

System  Input  consists  of  the  steps  shown  in  Figure  2,  page  4,  which  are 
designed  to  accept  any  type  of  document  from  any  source  and  process  it 
so  that  each  document  becomes  an  entity  within  the  system.  The  steps 
are  set  so  that  documents  may  be  evaluated  as  to  the  nature  of  the  in¬ 
formation  contained  in  view  of  the  computer  programs  and  codes  which 
were  established  and  are  modified  by  System  Analysis.  In  the  prelimin¬ 
ary  screening  step  judgments  are  made  by  engineering  personnel  as  to 
whether  documents  received  at  AFMDC  have  valuable  machining  information. 
The  selected  documents  are  then  sent  on  to  engineering  personnel  for 
technical  evaluation  and  the  important  information  is  extracted  and 
recorded  using  established  codes  and  formats. 

The  depth  to  which  a  particular  document  is  evaluated  and  the  amount  of 
information  extracted  is  dependent  mainly  on  three  factors:  1)  the  a- 
mount  of  hard  machining  data,  2)  the  anticipated  utilization  of  the  in¬ 
formation,  based  on  previous  inquiry  experience,  3)  the  amount  of  good 
reliable  ihformat ion  already  in  the  files.  In  cases  when  a  document 
contains  a  limited  amount  of  good  information,  only  seven  parameters 
of  a  machining  situation  are  identified,  if  available:  1)  machining 
operation,  2)  material  hardness,  3)  material  condition,  4)  heat  treat¬ 
ment,  5)  material  group,  6)  material  description,  7)  tool  material.  All 
of  the  significant  reported  information  for  each  machining  situation  is 
extracted  from  high  yield  documents,  including  numerical  data  and  tool 
geometry.  The  extracted  information  is  placed  on  the  forms  in  Figure  4, 
page  7.  These  forms  are  given  to  a  key  punch  operator  who  punches  cards 
which  will  be  stored  on  the  computer.  A  printout  of  this  type  of  in¬ 
formation  is  shown  in  Figure  8,  page  11.  All  documents  are  assigned 
uniterms,  where  applicable,  to  describe  the  text  to  the  system.  These 
uniterms,  together  with  the  source  control  number,  are  punched  into 
cards.  An  example  of  a  computer  printout  of  a  search  made  on  the  Uni¬ 
term  File  is  shown  in  Figure  7,  page  10. 

System  output  consists  of  the  three  basic  types  of  output:  1)  specific 
inquiries,  2)  data  products  and  3)  general  dissemination.  Specific  in¬ 
quiries  may  be  submitted  to  AFMDC  by  anyone  qualified  as  a  User  of 
AFMDC.  The  request  may  be  for  specific  data  for  a  machining  situation 
or  series  of  machining  operations,  state-of-the-art  studies,  etc.  A 
list  of  the  types  of  inquiries  is  shown  in  Figure  15,  pages  18  and  19. 

Data  products  are  published  by  AFMDC  on  timely  subjects  which  are  com¬ 
prehensive  studies  and  generally  take  the  form  of  charts  of  data  for 
one  or  more  alloys.  The  charts  contain  all  the  known  data  for  machining 
parameters,  tool  geometry,  cutting  fluid,  tool  material  and  other  con¬ 
siderations  directly  applicable  to  the  machining  situation.  When  data 
products  become  available  a  notice  is  sent  to  every  individual  on  the 
User  File.  Through  this  notice  the  User  is  made  aware  of  information 
that  may  be  applicable  tc  his  needs. 


General  dissemination  takes  the  form  of  plant  visits  for  coordination 
(see  page  46).  writing  technical  papers  or  preparing  exhibits  for  pre¬ 
sentation  at  meetings  or  presentation  in  the  literature.  AFMDC  is  always 
open  to  visitors  and  technical  personnel  are  available  to  discuss  vari¬ 
ous  problems  in  detail  and  to  show  the  User  how  AFMDC  can  assist  his 
operation. 


AFMDC  User  File  Map  (Figure  3,  page  5) 

The  User  File  map  shows  the  number  of  organizations  per  state  and  the 
total  number  of  individual  Users  in  those  organizations  per  state.  These 
figures  include  Industrial  Firms,  Government  Agencies,  Universities, 

Colleges,  other  Centers,  Publishers  and  Societies.  Four  states  have  no 
Users  and  17  states  have  10  or  less  organizations.  As  would  be  expec¬ 
ted,  the  heavy  concentration  of  Users  is  in  heavy  industrial  sections 
and  the  West  Coast  aerospace  industry. 

Distribution  of  AFMDC  User  File  (page  6) 

The  basic  User  File  was  developed  by  using  the  following  sources: 

World  Space  Directory,  Volume  3  No.  1  -  This  directory  con¬ 
tains  a  large  index  of  plants  associated  with  the  aerospace 
industry.  An  important  section  lists  the  '•'‘Major  Missile 
and  Space  Manufacturers'*.  Request  forms  were  sent  to  key 
people  in  all  of  the  company  listings  in  this  section,  and 

provision  was  made  in  the  form  allowing  for  listing  addi-  , 

tional  personnel,  personnel  from  other  divisions  and  major  1 

subcontractors. 

> 

i 

Manufacturing  Committee  of  the  Aerospace  Industries  Associ-  j 

ation,  Washington,  D.C.  -  This  is  an  important  aerospace  j 

group  which  has  need  for  machining  information  in  the  solu¬ 
tion  of  their  common  industry  problems.  | 

The  American  Society  for  Engineering  Education  (including  j 

members  of  the  Engineering  College  Administrative  Council,  ) 

Engineering  College  Research  Council,  Technical  Institute  ; 

Council  and  Industrial  Members)  -  Letters  were  sent  to  the  i 

deans  of  all  of  the  important  colleges  which  have  signifi¬ 
cant  interest  in  machining  through  departments  such  as: 

Aeronautical  Engineering;  Ceramic  Engineering;  General  Engi-  • 

neering;  Industrial  Engineering;  Mechanical  Engineering; 

Metallurgical  Engineering;  Pre-Engineering;  Engineering  Ex-  , 

tension  Groups;  Control,  Computer  and  Information  Science 
Departments;  Material  and  Engineering  Sciences;  and  Techni¬ 
cal  Engineering  Institutes  and  Engineering  Research  Croups 
oriented  in  disciplines  of  materials  and  material  removal. 

Products  of  the  Center  have  been  helpful  to  college  stu¬ 
dents,  some  of  whom  are  already  engaged  in  time  standards 
work,  manufacturing  engineering,  etc.,  in  cooperative  work 
programs  and  in  summer  jobs.  Even  more  important  is  the 
fact  that  the  training  of  engineers  and  thus  their  future 
professional  performance  will  be  influenced  through  AFMDC' s 
activities. 


Information  Sources  -  Listings  were  compiled  from  ‘‘A  Direc¬ 
tory  of  Information  Resources  in  the  United  States’’,  Na¬ 
tional  Referral  Center  for  Science  and  Technology,  Library 
of  Congress,  January  1965.  The  prime  function  of  the  Refer¬ 
ral  Center  is  to  direct  people  to  the  proper  information 
sources,  including  Centers,  in  the  United  States.  Their  di¬ 
rectory  contains  a  large  listing  of  Centers,  Technical  So¬ 
cieties,  Government  agencies,  etc.,  which  in  turn  dissemi¬ 
nate  information  to  their  various  clientele.  This  directory 
was  reviewed  and  selections  for  the  User  File  were  made. 

1964  '*ASM  Index  for  the  Review  of  Metal  Literature'*  - 


list  includes  societies  and  trade  publications  in  the  United 
States,  and  from  it  selections  were  made  of  those  concerned 
with  material  removal. 

Manu f ac t ur i ng  Technology  Division,  Wr ight-Patterson  AFB, 


Ohio,  Report  Distribution  Lists  -  It  should  be  noted  that 
these  distribution  lists  include  other  Departments  of  the 
Air  Force,  the  Departments  of  the  Army,  Navy,  Defense  and 
other  Government  agencies. 

Inquirers  -  People  who  request  information  from  AFMDC  are 
termed  'inquirers*.  New  inquirers  not  already  listed  in  the 
User  File  are  added  to  it.  Since  there  have  been  4,456  in¬ 
quiries  during  the  4-3/4  years  operation  of  AFMDC,  it  is 
quite  obvious  that  the  file  will  grow  considerably  from  this 
source  alone. 

Materials  Advisory  Board  (MAB)  Committee  on  Manufacturing 


Requirements  for  Aerospace  Materials  and  the  Ad  Hoc  Commit- 


tee  on  Aerospace  Manufacturing  Requirements  -  This  group  was 
contacted  because  of  its  importance  in  manufacturing  plan¬ 
ning  at  a  national  level. 


Dun  &  Bradstreet  Metalworking  Directory  -  This  directory 
provides  a  comprehensive  list  of  firms  in  the  metalworking 
field.  A  substantial  number  of  firms  listed  in  the  direc¬ 
tory  were  provided  information  describing  the  Center’s 
services. 

In  order  to  keep  the  User  File  current,  each  individual  on  the  User 
File  is  periodically  contacted  to  ascertain  whether  he  wishes  to  con¬ 
tinue  to  be  listed  and  whether  there  are  any  changes  in  position  and 
address.  Names  are  added  to  the  User  File  as  a  result  of:  1)  inquirers, 
2)  visitors,  3)  additional  names  submitted  by  current  users,  4)  re¬ 
quests  resulting  from  dissemination  of  data  products  and  5)  technical 
articles  published  in  periodicals  and  announcements  pertaining  to  the 
Center . 


Page  6  indicates  that  there  are  listed  in  the  User  File  a  total  of  5,315 
individuals  from  a  total  of  2,063  organizations. 

Data  Code  Forms  for  Final  Technical  Evaluation  (Figure  4,  page  7) 

Figure  4,  page  7,  is  a  photograph  showing  both  the  front  and  back  of 
Data  Code  Forms  used  as  an  intermediate  step  between  the  original  docu¬ 
ment  and  the  punched  cards  used  as  input  to  disk  storage.  The  formats 
are  designed  to  handle  alphameric  information  required  for  some  para¬ 
meters  and  decimal  numbers  for  others,  as  well  as  integers.  These  for¬ 
mats  and  a  book  with  codes  enable  the  Machining  Data  Analyst  to  con¬ 
cisely  identify  the  important  information  regarding  a  specific  machin¬ 
ing  situation.  Required  decimals  are  set  in  the  numerical  data  fields, 
thereby  further  simplifying  recording  of  the  data.  These  forms  are  then 
passed  to  the  keypunch  operator,  who  punches  the  information  contained 
in  them  into  Index,  Tool-Cutting  Fluid  and  Numerical  Data  Cards. 

These,  plus  the  additional  cards  used  by  AFMDC  are  described  as  follows: 

Card  Descript  ion 

0  Inquiry  The  Inquiry  Card  is  punched  with  the  inquiry  information 

desired  and  is  used  by  matching  key  indices  in  exactly 
the  same  columns  as  information  which  would  have  been 
precoded  into  the  System. 

1  Index  The  Index  Card  establishes  information  available  in  the 

System  by  preassigned  data  index  columns  and  respective 
codes  to  be  matched  against  inquiries.  This  card  de¬ 
scribes  the  machining  situation  including  the  machining 
operation,  specific  material  designation,  hardness,  con¬ 
dition,  heat  treatment,  and  broad  material  group.  In  ad¬ 
dition  to  the  above  "minimum  requirements'',  the  Index 
Card  also  includes  the  part  configuration  code,  tool  ma¬ 
terial,  machine  tool  description  and  the  control  codes. 
The  control  codes  provide  information  on  the  data  source, 
its  classification  and  index  controls  which  allow  for  re¬ 
trieval  monitoring.  The  primary  method  of  access  into  the 
AFMDC  information  decks  is  through  the  Index  Card. 

2  Tool  -  This  card  defines  tool  size,  shape,  and  geometry,  as  well 

Cut t ing ‘ FI uid  as  the  trade  name  and  manufacturer.  It  also  identifies 

the  trade  name  of  the  cutting  fluid,  the  manufacturer 
and  the  concentration  of  the  cutting  fluid. 

3  Numerical  The  Numerical  Data  Card  contains  actual  values  of  mnch- 

Dnta  ining  variables,  such  as  feeds,  speeds,  depth  of  cut, 

hole  size,  tool  life,  etc. 

4  Uniterm  Ti,is  card  alphabetically  describes  special  technical 

(key  word)  significance  of  a  document  not  covered  by  categories  in¬ 
cluded  on  the  Index,  Numerical  Data  and  Tool-Cutting 
Fluid  Cards. 
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5  Data  Link  This  card  provides  means  for  eliminating  the  recording 

of  data  relevant  to  different  topics  or  sources.  Data 
are  coded  and  stored  under  one  control  code. 

6  Aperture  The  Aperture  Card  is  used  to  store  and  retrieve  micro¬ 

films  of  pertinent  curves,  drawings  or  any  information 
best  stored  in  a  graphic  manner. 

7  Bibliography  The  Bibliography  Card  set  is  designed  to  present  the 

Source  Document  in  a  formalized,  uncoded  manner. 

8  Potential  This  card  records  into  the  System  information  on  con¬ 
source  of  tracts  awarded  and  other  work  initiated  or  in  progress 

Information  which  are  considered  potential  information  sources.  In 

this  manner,  the  card  helps  direct  an  active  data  ac¬ 
quisition  program.  It  also  serves  as  a  card  to  store 
certain  bibliographic  information  such  as  author  and 
organization. 

8  Visitor  This  card  has  the  same  format  as  the  Potential  Source  of 

Information  Card  and  therefore  serves  not  only  to  de¬ 
velop  a  Visitor  File  but  can  and  is  used  to  identify 
visitors  as  inquirers  and/or  potential  sources  of  in¬ 
formation. 

9  Tickler  The  Tickler  Card  is  generated  at  the  time  machining  in¬ 

formation  is  committed  to  the  System  primarily  as  a  re¬ 
view  device  for  updating,  purging,  etc.,  but  also  for 
checking  on  committments  for  potential  sources  of  in¬ 
formation.  Dates  for  tickler  review  of  data  committed  to 
the  System  are  based  upon  the  times  related  and  shown  in 
the  Classification  Code. 


Flowchart  for  Fortran  Program  to  Store,  Add  to.  or  Search 


File  ( F igure  5 . 


y age  8 ) 


The  flowchart  of  the  Inquiry  File  program,  shown  in  Figure  5,  page  8, 
is  an  example  of  the  data  storage  and  retrieval  techniques  used  by  AFMDC 
on  its  IBM  1130  Computing  System.  Similar  programs  are  used  to  maintain 
and  search  files  of  coded  information  concerning  the  documents  in 
AFMDC's  files,  The  search  strategy  incorporated  in  the  Document  File 
programs  is  approximately  the  same  as  that  used  by  the  Inquiry  File 
program.  However,  separate  programs  and  files  are  used  for  index  in¬ 
formation  and  Uniterm  information  on  the  document  files. 


All  of  these  programs  perform  two  fundamental  functions:  (1)  generate 
and  maintain  their  respective  disk  files,  and  (2)  perform  search  and 
retrieval  operations  on  their  files,  under  a  variety  of  search  strat¬ 
egies.  A  more  detailed  discussion  of  these  functions  as  performed  by 
the  Inquiry  File  program  follows. 
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(1)  File  generation  and  maintenance.  Console  Data  Switch  0  requests  the 
program  to  create  a  new  file  of  inquiry  records  on  the  disk  (de¬ 
stroying  the  existing  file,  if  any).  Use  of  this  program  function 
involves  a  file  protection  routine  which  is  not  shown  in  the  flow¬ 
chart.  Console  Data  Switch  1  controls  the  addition  of  records  to 
an  existing  disk  file.  This  function  is  used  to  update  the  file 
each  month  by  adding  the  coded  records  of  all  inquiries  received  by 
AFMDC  during  that  month.  Thus,  the  Inquiry  File  is  no  more  than  one 
month beh i nd  current  inquiries. 

(2)  Search  and  retrieval.  Bypassing  requests  for  file  generation  and 
maintenance  functions  transfers  control  to  the  search  and  retrieval 
section  of  the  program.  The  operator  is  asked  to  specify  the  para¬ 
meters  on  which  a  match  between  the  search  specification  and  disk 
file  records  is  desired.  Such  a  match  must  occur  on  all  parameters 
whichare  specified  as  search  parameters  by  the  Console  Data 
Switches  if  the  record  is  to  be  printed  on  the  search  output.  The 
inquiry  program  allows  searches  on  any  combination  of  the  following 
parameters:  machining  operation,  work  material  group,  work  material 
description,  hardness,  data  analyst  answering  the  inquiry,  SIC 
code  of  the  organization  submitting  the  inquiry,  AFMDC  internal 
codes  for  the  company,  division  and  individual  submitting  the  in¬ 
quiry  and  the  month  and  year  during  which  the  inquiry  was  pro 
cessed.  Through  the  search  specification  options  provided  by  the 
program,  one  may  request  searches  of  various  scopes  by  specifying 
more  or  fewer  index  parameters  for  a  search  to  narrow  or  broaden 
the  selection  of  file  references.  This  concept  is  fundamental  to 
all  of  the  search  and  retrieval  programs  operated  by  AFMDC. 

Output  of  Inquiry  File  Search  (Figure  6,  page  9) 

The  Inquiry  File,  which,  as  of  July  31,  1969,  contained  data  pertaining 
to  4,456  inquiries,  is  a  very  important  AFMDC  file.  Search  of  this  file 
can  prevent  duplication  of  effort  in  answering  identical  inquiries  or 
provide  assistance  in  responding  to  those  which  are  similar  to  past 
inquiries.  Additional  information  about  the  source  of  the  inquiry,  which 
is  also  stored  in  the  disk  file,  is  used  to  generate  data  for  AFMDC’s 
required  Monthly  and  Annual  Reports. 

Figure  6,  page  9,  shows  the  use  of  Data  Switches  described  in  Figure  5, 
page  8,  as  they  were  utilized  to  make  broad  and  then  selective  searches 
on  the  Inquiry  File.  The  first  search  was  made  on  the  Uniterm, CUT 
FLUID,  by  having  Data  Switch  No.  5  in  the  ‘on’  position.  When  the  file 
was  interrogated  the  machine  selected  and  printed  all  inquiries  for 
which  the  Uniterm,  CUT  FLUID,  was  used.  To  be  more  selective  on  the 
second  search,  material  group  301  (NICKEL  BASE  HICH  TEMPERATURE  ALLOYS) 
and  material  description  INCOX750  were  added  to  the  CUT  FLUID  Uniterm  on 
the  search  card.  In  the  third  search,  the  machining  operation  require¬ 
ment  was  added  so  that  now  the  search  was  concentrated  on  a  specific 
operation,  on  a  specific  material  group,  one  specific  material  descrip¬ 
tion  and  a  Uniterm  requirement.  From  this  type  of  search,  the  computer 
finds  a  precise  match  and  prints  that  information.  The  number  on  the 
right  is  a  unique  number  to  that  inquiry  so  the  information  maybe 
reached  quite  rapidly. 
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Output  of  Uniter  pi  File  Search  (Figure  7,  page  10) 


The  Uniterm  concept  was  designed  so  that  technical  text  important  to 
material  removal  operations  could  be  stored  and  retrieved.  Each  docu¬ 
ment  is  assigned  uniterms  (keywords)  which  describe  the  nature  of  the 
text.  These  uniterms  are  punched  into  cards  which  are  stored  on  disks. 

A  second  card  is  generated  indicating  the  machining  operations  and  ma¬ 
terial  groups  associated  with  the  given  Uniterm.  Thus,  a  selective 
search  can  be  made  linking  a  particular  Uniterm  to  a  specific  machining 
operation  and/or  a  material  group. 

A  master  list  of  the  uniterms  is  contained  in  the  code  book  so  that 
search  strategies  may  be  set  up.  A  search  can  be  made  on  a  single  term 
or  on  two  terms  simultaneously.  These  terms  may  be  in  any  position  with¬ 
in  the  card  set.  The  search  shown  in  Figure  7,  page  10,  is  for  the  Uni¬ 
term,  TOOL  GEOMETRY  (TOOL  GEOM)  for  a  given  operation,  DRILLING  (085)  of 
NICKEL  BASE  HIGH  TEMPERATURE  ALLOYS  (material  group  301).  On  the  right 
hand  side  of  the  computer  printout  are  the  source  control  codes  for  the 
documents  containing  the  desired  information. 

Output  of  Final  Technical  Evaluated  Data  (Figure  8,  page  11) 

Figure  8,  page  11,  is  a  computer  printout  of  information  which  has  been 
extracted  from  a  document  which  received  Final  Technical  Evaluation. 
Note  that  most  of  the  information  extracted  by  thi  Machining  Data  Ana¬ 
lyst  and  coded  on  the  forms  in  Figure  4,  page  Y,  is  n-  »  computer  decoded 
and  printed  out.  The  lines  below  the  heading  are  the  retrieved  Tool  Ma¬ 
terial,  Tool  Geometry,  Cutting  Fluid  and  Numerical  Data  associated  with 
the  particular  machining  situation  described  in  the  Inquiry  Card.  The 
particular  search  made  in  this  case  was  for  machining  data  in  turning  of 
1NC0718,  a  nickel  base  high  temperature  alloy. 

Computer  Printout  of  a  Selective  Search  on  Surface 
Integrity  File  (Figure  9.  page  12) 

One  of  the  subjects  of  highest  interest  to  AFMDC  inquirers  as  indicated 
in  Figure  19,  page  23,  is  Surface  Integrity.  Because  of  the  large  number 
of  documents  in  AFMDC’s  storage  on  this  broad  subject  and  the  wide  vari¬ 
ety  of  parameters  within  this  subject  a  special  computer  file  was  set 
up  to  facilitate  searching  on  this  subject.  The  computer  program  used 
on  this  file  is  basically  the  same  as  that  used  on  the  Uniteim  File 
which  is  described  on  this  page.  Figure  9,  page  12,  is  a  computer  print¬ 
out  of  a  search  made  on  **Surf  Integrity' *  as  it  pertains  to  machined 
surface  in  SURFACE  GRINDING  (160)  of  TITANIUM  ALLOYS  (321).  In  particu¬ 
lar,  the  alteration  to  the  machined  surface  that  was  requested  in  the 
search  was  RESIDUAL  STRESS. 
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Face  Milling  and  End  Milling  (Figure  10,  page  13) 


i  1 1  ine  (Figure  IK  page  14) 


The  use  of  data  shown  in  Figure  8,  page  11,  leaves  something  to  be  de¬ 
sired  for  the  manufacturing  engineer.  The  printout  gives  a  series  of 
values  to  choose  from  but  does  not  clearly  indicate  the  economics  in¬ 
volved.  Since  the  major  reason  for  having  adequate  data  is  to  help 
minimize  the  cost,  the  logical  question  is  which  set  of  values  will 
yield  the  minimum  cost.  Basic  equations  have  been  developed  for  turn¬ 
ing,  milling,  drilling,  reaming  and  tapping  which  considers  the  econom¬ 
ics  of  each  significant  element  of  a  machining  operation  and  deter¬ 
mines  the  machining  cost  and  production  rate.  The  equations  developed 
for  calculating  machining  costs  in  face  milling  and  end  milling  are 
shown  in  Figure  10,  page  13.  Equations  and  computer  programs  have  also 
been  developed  for  computing  production  rates.  Available  representative 
hard  data  processed  using  these  computer  programs  provide  output  giving 
the  cost  and  production  rate  and  the  value  of  elements  which  make  up  the 
total  cost  as  shown  in  Figure  11,  page  14.  These  values  give  the  engi¬ 
neer  an  opportunity  to  analyze  the  elements  so  that  he  may  decide  where 
the  major  contributors  to  the  total  cost  lie  and  then  work  on  the  criti¬ 
cal  areas. 

Computer  Printout  for  Investigating  Relationships 
between  Machining  Variables  (Figure  12,  page  15) 

Experience  has  shown  that  there  are  some  relationships  in  machining 
variables  between  the  various  types  of  machining  operations  and  work 
materials,  and  they  can  be  determined  if  careful  annlyses  are  made  using 
substantial  and  reliable  data.  Manual  analyses  of  this  type  are  diffi¬ 
cult  and  cumbersome.  Determination  of  existing  relationships  will  be 
very  valuable  for  evaluation  of  new  data  and  filling  in  gaps  in  accrued 
data.  AFMDC  is  investigating  thess  relationships.  The  computer  resolves 
much  of  the  difficulty  and  time  required  to  make  the  subject  analyses. 
The  computer  program  has  been  made  operational,  and  a  considerable  a- 
mount  of  reliable  data  is  available  in  punched  card  form  for  process¬ 
ing.  One  of  the  initial  sets  of  data  run  through  the  computer  is  shown 
in  Figure  12,  page  15. 

The  particular  relationship  being  investigated  in  this  case  is  the  ef¬ 
fect  of  hardness  on  cutting  speed  and  feed.  This  effect  is  indicated  in 
the  column  titled  Percent  Change  -  Speed  and  Feed.  By  plotting  the  cal¬ 
culated  values  it  is  possible  to  determine  whether  or  not  a  mathemati¬ 
cal  equation  can  be  derived  that  describes  the  rel at ionsh ip  between  the 
machining  variables  being  investigated. 

Inquiry  Processing  Flow  Chart  (Figure  13,  page  16) 


Typical  Inquiry  Input  and  Response  ( Figure  14,  page  17) 


Responses  to  inquiries  are  the  most  important  of  the  services  provided 
by  AFMDC.  Strong  emphasis  is  placed  on  providing  specific  and  detailed 
answers  to  technical  inquiries  which  are  transmitted  by  letter,  tele¬ 
gram,  telephone  or  by  direct  visitation  to  the  Center.  A  high  percent¬ 
age  of  the  inquiries  is  made  via  telephone,  some  because  of  the  urgency 
of  information  requirements  and  others  due  to  the  necessity  of  discuss- 


A- 10 


ing  technical  details  with  the  engineering  personnel.  When  required,  in¬ 
quirers  are  contacted  to  clarify  their  specific  needs.  As  indicated  in 
Figure  13,  page  16,  engineering  personnel  impose  judgments  on  the  in¬ 
quiries  and  establish  the  search  strategies.  Data  processing  personnel 
perform  the  computer  search  functions  and  provide  the  printouts  to  the 
engineers.  The  engineers  again  impose  engineering  judgment  in  the  selec¬ 
tion  and  preparation  of  the  information  to  be  transmitted  to  the  in¬ 
quirer. 

An  inquiry  form  and  the  AFMDC  response  are  shown  in  Figure  14,  page  17. 
Note  the  codes  within  the  blocks  on  the  form  which  are  keypunched  and 
then  stored  on  the  computer  Inquiry  File. 

Summary  of  Specific  Inquiries  by  Type  of  Inquiry 
(Figure  15,  pages  18  and  19) 

The  statistics  shown  in  Figure  15,  pages  18  and  19,  point  out  several 
important  factors.  There  has  been  a  constant  and  substantial  rate  of 
growth  in  the  number  of  inquiries  received  and  processed  at  AFMDC.  The 
average  was  69  per  month  during  the  first  four-year  period  of  the  Cen¬ 
ter’s  operation.  During  the  last  10-month  period  the  average  was  114  per 
month.  This  growth  has  largely  been  the  result  of  multiple  inquiries 
from  prior  users,  new  contacts  from  companies  already  on  the  Inquiry 
File  and  contacts  from  companies  who  have  not  previously  submitted  in¬ 
quiries  to  AFMDC.  Many  of  the  new  contacts  can  be  attributed  to  ‘‘word 
of  mouth’’  communication  of  AFMDC  inquiries  with  persons  who  are  in  the 
field  of  machining. 

Another  factor  responsible  for  this  growth  has  been  the  AFMDC  plant  vis¬ 
itation  program  and  participation  in  technical  conferences. 

In  addition  to  providing  information  on  the  varied  services  available  at 
AFMDC,  Figure  15,  pages  18  and  19,  indicates  trends  in  the  nature  of  in¬ 
quiries  from  October  1964  to  the  present.  In  particular,  it  has  been 
noted  that  inquiries  are  becoming  more  specific  and  are  concerned  with 
more  complex  and  difficult  machining  situations.  The  relative  increase 
in  inquiry  types  2,  3,  15  and  16  bears  out  this  conclusion. 

The  inquirer  profile  has  also  been  relatively  changing.  A  higher  per¬ 
centage  of  inquiries  are  being  received  at  AFMDC  from  lower  echelon  per¬ 
sonnel  such  as  manufacturing  or  tool  engineers,  industrial  engineers  and 
time  standards  personnel,  process  engineers,  tool  designers,  shop  super¬ 
visors  and  foremen,  planners,  estimators,  etc.  This  indicates  that  AFMDC 
is  achieving  its  objective  of  reaching  and  setting  up  a  direct  lineof 
communication  with  not  only  management,  but  also  with  an  increasing  num¬ 
ber  of  persons  directly  responsible  for  application  of  machining  data 
and  information  available  from  AFMDC- 

Analysis  of  Inquiries  by  State  (Figure  16,  page  20) 

The  analysis  of  inquiries  by  state,  Figure  16,  page  20,  provides  some 
interesting  and  informative  statistics.  AFMDC  has  received  inquiries 
from  44  states  including  the  District  of  Columbia.  Over  the  period  Octo¬ 
ber  1,  1964,  through  July  31,  1969,  there  have  been  4,456  inquiries  re- 
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ceived  and  processed  by  AFMDC.  These  inquiries  have  orig i nated from 
1,417  different  organizations  and  2,490  individuals  within  these  orga¬ 
nizations.  It  is  interesting  to  note  that  over  75%  of  the  total  inqui¬ 
ries  and  over  77%  of  the  company  and  individual  inquiries  were  fromlO 
highly  industrial  states.  The  spec ific  inquiry  statistics  for  these  10 
states  are  shown  in  Figure  16,  page  20. 

General  Analysis  of  Inquiries  and  Analysis  of  Inquiries  by 
Material  Croup  (Figure  17,  page  21) 

The  chart,  General  Analysis  of  Inquiries,  provides  perspective  of  the 
relative  complexity  of  inquiries,  processed  during  the  past  3-1/2  years. 
Of  the  inquiries  related  to  given  machining  operations  and  material 
groups,  over  75%  were  concerned  with  more  than  a  single  machining  situa¬ 
tion  (one  operation  on  one  material  groupj  for  the  past  3-1/2  years  pe¬ 
riod.  Over  one-third  of  the  inquiries  were  of  the  Uniterm  ( keyword) typo. 

The  Analysis  of  Inquiries  by  Material  Group  helps  to  provide  AFMDC  with 
perspective  of  user  needs,  input  requirements,  and  establishes  priority 
and  extent  of  detailed  technical  evaluation  of  the  input.  An  analysis 
of  the  past  3-1/2  years’  inquiries  was  made  categorizing  the  materials 
involved  by  15  material  groups.  Figure  17,  page  21,  shows  there  has  been 
a  high  level  of  interest  for  machining  data  on  high  temperature  alloys, 
titanium  alloys  and  refractory  alloys.  A  high  total  of  1,734  requests 
was  made  for  plain  carbon,  low  alloy  steels,  ultra-high  strength  and 
tool  steels  covering  the  3-1/2  years  period.  Information  for  stainless 
steels  was  in  high  demand  as  evidenced  in  the  839  requests.  High  in¬ 
terest  has  also  been  expressed  in  machining  information  for  non  metal- 
lics.  A  total  of  388  inquiries  has  been  processed  -on  this  subject. 

Analysis  of  Inquiries  by  Type  of  Machining  Operation 
(Figure  18,  page  22) 

Added  perspective  of  User  needs  and  in  turn  AFMDC  input  requirements  are 
obtained  by  analyses  such  as  shown  in  Figure  18,  page  22.  Approximately 
12,000  requests  for  ^formation  on  specific  machining  operations  have 
been  received  during  the  past  3-1/2  years.  For  conventional  chip  removal 
types  of  operations  the  statistics  indicate  that  emphasis  on  input  and 
detailed  evaluation  should  be  on  turning,  face  milling,  end  milling, 
drilling,  reaming  and  tapping.  For  conventional  grinding,  the  highest 
interest  has  been  in  surface  and  cyclindrical  grinding  operations.  The 
total  of  791  requests  for  information  on  the  alternate  machining  methods 
are  indicative  of  the  increasing  interests  in  these  machining  methods 
and  alert  AFMDC  to  an  important  area  of  its  Users’  needs. 

Analysis  of  Uniterm  Type  Inquiries  (Figure  19,  page  23) 

A  high  percentage  of  the  inquiries  received  at  AFMDC  are  of  the  Uniterm 
(keyword)  type.  This  machining  information  is  of  the  technical  text 
type.  The  17  subjects  of  highest  interest  for  this  type  of  machining 
information  are  shown  in  Figure  19,  page  23.  Very  high  interest  has  been 
expressed  for  information  on  surface  integrity,  numerical  control,  cut¬ 
ting  fluids,  surface  finish,  distortion  and  time  standards. 
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Summary  of  Specific  Inquiries  by  SIC  Number  (Figure  20,  pages  24  and  25 ) 


An  analysis  of  inquiries  by  type  of  industry  utilizing  the  services  of 
AFMDC  is  shown  in  Figure  20,  pages  24  and  25.  The  chart  presents  the  in¬ 
quiries  by  SIC  Code,  a  number  which  references  listings  in  the  Standard 
Industrial  Classification  Manual,  Executive  Office  of  the  President, 
Bureau  of  the  Budget,  1967.  While  some  SIC  descriptions  may  appear  com¬ 
pletely  commercial,  an  analysis  of  specific  inquiries  will  indicate  a 
close  relationship  to  DoD  requirements,  as  shown  in  Figure  21,  page  26. 

SIC  Major  Group  No.  37,  Transportation  Equipment,  is  the  predominant 
group  with  respect  to  utilizing  AFMDC  services.  This  group  encompasses 
three  significant  industry  users  of  AFMDC,  namely:  Aircraft  and  Mis¬ 
siles;  Aircraft  Engines  and  Engine  Parts  and  Missile  Engines;  and  Air¬ 
craft  Parts  and  Auxiliary  Equipment,  and  Missile  Parts.  Other  SIC  Major 
Groups  who  provided  relatively  high  quantities  of  inquiries  to  AFMDC 
during  the  past  10  months  are:  91  -  Federal  Government;  33  -  Primary 
Metal  Industries;  34  -  Fabricated  Metal  Products  Except  Ordnance,  Ma¬ 
chinery  and  Transportation  Equi;roent;  35  -  Machinery,  Except  Electrical; 
36  -  Electrical  Machinery  Equipment  and  Supplies;  73  -  Miscellaneous 
Business  Services;  82  -  Educational  Services. 

Government  Agencies  and  Services  Supported  Directly  and  Indirectly 

by  AFMDC  Inquiries  (Figure  21,  page  26) 

The  data  shown  in  this  chart  are  somewhat  difficult  to  compile  but  by 
careful  analysis  of  particular  inquiries  and  by  an  analysis  of  the  prime 
objectives  of  principal  contractors  at  various  plant  locations  it  has 
been  possible  to  show  that  1,081  of  the  1,141  requests  made  to  the  Cen¬ 
ter  were  stimulated  by  Air  Force,  U.S.  Navy,  U.S.  Army,  AEC,  NASA,  STSP 
and  SBA  projects. 

Summary  of  Inquiries  Processed  by  AFMDC  For  STSP  and  SBA 
(Figure  22,  page  27) 

AFMDC  has  taken  the  initiative  in  actively  participating  in  the  broad 
programs  of  information  services  being  offered  in  the  State  Technical 
Services  Program. 

The  following  steps  were  taken  by  AFMDC  to  attempt  to  provide  aware¬ 
ness  of  the  Center’s  services  to  states  having  such  programs: 

1.  Personal  participation  in  conferences  and  meetings  conducted  by  the 
states  of  Illinois,  Indiana,  Michigan  and  Vermont. 

2.  Meetings  with  key  persons  in  the  Office  of  the  State  Technical  Ser¬ 
vices,  Washington,  D.C.,  for  the  purpose  of  keying  in  with  the  en- 
tireState  Technical  Service  Program. 

A  direct  result  from  these  discussions  was  that  AFMDC  was  chosen 
to  participate  in  a  Special  Merit  Project  with  the  State  of  Ver¬ 
mont,  along  with  another  DoD  Information  Analysis  Center;  namely, 
PLASTEC . 
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The  purpose  of  this  Special  Merit  Program  is  to  evaluate  for  one 
year,  on  an  experimental  basis,  the  feasibility  of  referring  Ver¬ 
mont  industry  and  business  to  Federal  Information  Analysis  Centers 
for  answers  to  their  technical  questions.  During  the  month  of  No¬ 
vember,  seven  Vermont  cities  were  selected  for  one  day  conferences 
at  which  industry  leaders  were  invited  to  attend.  Between  November 
6th  and  14th,  presentations  on  AFMDC  services  by  the  Center’s  per¬ 
sonnel  were  given  in  Rutland,  Bennington,  Montpelier  and  Burlington, 
Vermont  ,  and  on  November  19th  at  Springfield. 

3.  During  December  1968,  AFMDC  contacted  directors  or  acting  directors 
of  approximately  35  State  Technical  Service  Programs,  which  did  not 
use  the  Center’s  services  to  that  date.  In  addition  to  supplying 
each  a  copy  of  AFMDC’s  Fourth  Annual  Report,  other  descriptive  ma¬ 
terial  was  submitted. 

AFMDC  has  received  and  processed  113  inquiries  from  19  different  State 
Technical  Services  Programs.  Between  October  1,  1968  and  July  31,  1969, 
forty  one  inquiries  were  provided  by  various  STSP  agencies,  as  shown  in 
Figure  22,  page  27. 

The  Small  Business  Administration  Programs  are  concerned  primarily  with 
technology  transfer  to  small  business  firms.  Essentially  the  same  ap¬ 
proach  and  efforts  made  by  AFMDC  with  respect  to  the  State  Technical 
Service  Programs  were  made  with  the  Small  Business  Administration  Pro¬ 
grams.  In  addition  to  making  available  the  Center’s  inquiry  services  to 
these  programs,  AFMDC  has  directly  participated  in  three  technical  con¬ 
ferences  9et  up  by  SBA  and  has  accepted  invitations  to  part ic ipate  in 
two  such  conferences  scheduled  for  early  fall  1969. 

To  date,  AFMDC  has  received  and  processed  47  inquiries  from  12  regional 
offices  of  SBA.  Of  these  47  inquiries,  40  were  received  during  the  last 
ten-month  period  as  shown  in  Figure  22,  page  27,  indicating  the  increase 
participation  of  SBA  with  AFMDC. 

Companies  and  Agencies  Submitting  Inquiries  to  AFMDC 
(Figure  23,  pages  28-39) 

Summary  of  Specific  Inquiries  by  Companies  Making 
Five  or  More  Requests  (Figure  24,  pages  40  and  41) 

Figure  23,  pages  28-39,  presents  a  total  of  1,417  individual  companies 
and  divisions  which  have  been  inquirers  of  AFMDC,  an  increase  of  279 
organizations  during  the  last  10-mouth  period.  These  are  listed  on  pages 
37,  38  and  39  of  Figure  23,  This  is  a  comprehensive  list.  Figure  24, 
pages  40  and  41,  includes  a  summary  of  the  455  organizations  (includes 
the  divisions  of  each  organization  listed)  making  five  or  more  requests. 
This  group  has  provided  3,049  of  the  4,456  inquiries  processed  by  AFMDC 
to  date.  Th  i  8  represents  over  two  chirds  of  all  inquiries  submitted  to 
AFMDC.  The  multiple  requests  for  machining  information  from  the  listed 
455  organizations  are  considered  to  be  a  good  criteria  for  the  value 
placed  on  AFMDC’s  services.  This  list  reflects  high  interest  in  AFMDC 
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information  on  the  part  of  aerospace  industry,  as  represented  by  com¬ 
panies  such  as  Aerojet-General  Corporation,  The  Boeing  Company,  Curtiss- 
Wright  Corporation,  General  Dynamics  Corporation,  General  Electric  Com¬ 
pany,  Goodyear  Aerospace  Corporation,  Grumman  Aircraft  Engineering  Cor¬ 
poration,  Hughes  Aircraft  Company,  Lockheed  Aircraft  Corporation,  Martin 
Company,  McDonnell  Douglas  Corporation,  North  American  Rockwell  Corpora¬ 
tion,  Pratt  and  Whitney  Aircraft,  TRW  Inc.,  Tinker  Air  Force  Base  and  in 
fact  Wr i gh t- P at t e r son  Air  Force  Base  itself. 

Photograph  cf  AFMDC  Data  Products  (Figure  25,  page  42) 

Photograph  of  AFMDC  Titanium  Booklet  (Figure  26,  page  43) 

Typical  Formats  for  Data  Presentation  (Figure  27,  page  44) 


Planned  data  products  have  proven  to  be  important  output  to  AFMDC  Users. 
In  addition  to  providing  valuable  and  timely  data,  these  products  serve 
as  a  direct  line  of  commun i cat  ion  with  the  Users  of  the  Center.  Excel¬ 
lent  response  has  been  received  l'oj  the  13  data  products  prepared  and 
issued  to  date.  Some  of  these  products  are  shown  in  the  photo  in  Figure 
25,  page  42,  and  the  formats  are  displayed  in  Figures  26  and  27,  pages 
43  and  44.  Careful  thought  was  given  to  the  preparations  of  the  products 
to  present  the  machining  recommendations  in  complete  but  concise  form  in 
order  to  make  easy  and  effective  use  of  them. 

Over  1,500  recommendations  for  different  machining  situations  are  con¬ 
tained  in  the  data  products  prepared  to  date.  These  recommendations 
offer  great  potential  for  vast  machining  savings  by  industry.  It  has 
been  very  conservatively  estimated  that  the  17,833  copies  of  the  data 
products  distributed  through  July  31,  1969,  have  resulted  in  an  esti¬ 
mated  saving  of  26,749,500.00  dollars.  More  detailed  discussion  of  all 
the  estimated  savings  resulting  from  AFMDC’s  services  is  provided  in  » 
laterportion  of  this  report. 

Description  and  Distribution  of  AFMDC  Data  Products  (Figure  28,  page  45) 

There  were  two  primary  means  used  for  publicizing  the  data  products. 
AFMDC  prepared  three  separate  data  product  announcements  and  <ent  them 
to  the  User  File  which  now  consists  of  5 , 315  ind  i  v i dual  names.  A  second 
means  used  for  reaching  persons  who  would  have  an  interest  in  the  data 
products  was  accompl  ished  by  sending  copies  of  these  documents  to  about 
60  editors  of  technical  periodicals.  Each  of  these  were  encouraged  to 
publish  announcements  of  the  products  and  print  typical  data  sheets. 
This  not  only  stimulated  interest  in  the  data  products,  but  also  in  the 
Center’s  services  in  general.  Numerous  inquiries  were  submitted  to  the 
Center  each  time  a  periodical  published  the  information  provided  by 
AFMDC- 

The  fine  response  for  data  products  is  indicated  in  Figure  28,  page  45. 
A  total  of  17,833  copies  were  distributed,  most  of  which  were  to  the 
User  File  and  some  as  direct  response  to  inquiries. 
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Data  Acquisition  Plant  Visit  Program  (page  46) 


To  date  AFMDC  personnel  have  visited  56  plants  for  the  purpose  of  ac¬ 
quiring  machining  data  from  them  on  a  regular  basis.  Emphasis  was  placed 
on  visiting  aerospace  firms.  Visits  to  all  plants  were  satisfactory  and 
there  was  general  interest  in  this  project.  Many  of  the  plants  have 
taken  steps  to  make  necessary  arrangements  for  transmitting  data.  Over 
400  reports  of  high  data  yield  have  already  been  received  from  these 
plants.  Follow-up  is  being  made  in  the  form  of  correspondence  and  pe¬ 
riodic  visits. 

During  all  visits  detailed  information  was  provided  concerning  AFMDC’s 
organization  and  how  it  functions.  Effort  was  made  to  reach  directly  or 
through  responsible  supervisory  personnel  the  lower  echelon  manufactur¬ 
ing  and  manufacturing  engineering  people  who  need  data  for  immediate 
application  to  machining  of  hardware.  The  effect  of  this  approach  was 
noted  in  the  significant  increase  in  inquiries  received  from  most  of  the 
compan  ies  v  i  s  i  ted . 

Code  Sheet  for  Project  Time  Card  (Figure  29,  pages  47  and  48) 

AFMDC  Daily  Time  Slip  (Figure  30,  page  49) 

Computer  Printout  of  AFMDC  Project  Time  Cards  (Figure  31,  page  50) 

The  code  sheet  provides  the  basic  approach  to  AFMDC  System  Costing.  Ap¬ 
proximately  100  individual  tine  codes  are  in  current  use.  It  has  been 
simple  for  individuals  to  maintain  time  records  because  relatively  few 
time  codes  are  used  by  any  one  person  during  a  given  day  and  the  use  of 
the  same  codes  is  repeated  from  day  to  day.  Figure  30,  page  49,  shows  a 
Daily  Time  Slip  which  indicates  the  manner  in  which  individuals  record 
their  time. 

The  information  from  these  time  slips  is  punched  into  cards  and  the  in¬ 
formation  is  stored  in  the  IBM  1130  computer.  Figure  31,  page  50,  is  a 
computer  printout  of  AFMDC  project  time  cards. 

Figures  32  and  33,  shown  on  pages  51,  52  and  53,  reflect  the  use  made  of 
project  time  card  data.  These  records  are  available  for  making  even  more 
detailed  analyses  when  required.  For  example,  it  would  be  possible  to 
analyze  the  cost  for  a  particular  project,  such  as  a  special  report  re¬ 
quested  by  DoD. 

AFMDC  Operating  Costs  (Figure  32,  page  51) 

AFMDC  Input  and  Output  Summary  (Figures  33,  pages  52  and  53) 


Figure  32,  page  51,  shows  the  operating  costs  for  the  past  ten  months 
broken  down  into  five  major  groups:  1)  Input,  2)  Output,  3)  General 
Dissemination,  4)  Reports  and  5)  Systems  Analysis,  Modification  and  Con¬ 
trol.  A  summary  of  these  costs  follows: 
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Summary  of  AFMDC  Operating  Costa 
October  1,  1968  -  July  31,  1969 


Major  Group 

Cost 

%  of  Total 

I  nput 

91,562.24 

40.9 

Output 

88,733.59 

39.6 

General  Dissemination 

5,693.64 

2.5 

\eports 

21,036.57 

9.4 

Systems  Analysis, 
Modification  and  Control 

16,933.90 

7.6 

Total  Operating  Costs 

$223,959.94 

It  ia  significant  to  note  that  the  output  costs  represent  39.6%  of  the 
total  operating  costs.  This  is  considered  to  be  a  relatively  high  figure 
for  an  information  analysis  center. 

The  chart  in  Figure  33,  pages  52  and  53,  presents  various  summaries  of 
AFMDC  input  and  output.  As  of  July  31,  1969,  there  were  19,721  evaluated 
documents  in  AFMDC’ s  storage.  The  important  information  from  these  doc¬ 
uments  has  been  extracted,  coded  and  punched  into  149,951  cards  and 
stored  on  the  IBM  1130  Computer.  Unit  costs  for  processing  of  inquiries 

are  cited  in  Figure  33,  pages  52  and  53.  It  can  be  noted  that  the  aver¬ 

age  cost  for  processing  an  inquiry  haa  remained  relatively  stable  over 
the  4-3/4  years’  operation  of  AFMDC  despite  the  increasing  complexity  of 
inquiries.  The  growth  in  engineering  and  data  processing  experience  as 
well  as  the  number  of  documents  in  AFMDC  storage  are  the  main  reasons 
for  being  able  to  handle  more  complex  inquiries  without  significant 
change  in  average  cost. 

Economic  Environment  For  AFMDC  Operations  (Figure  34,  page  54) 

The  importance  of  the  machining  industry  on  our  economy  is  clearly  il¬ 
lustrated  by  the  fact  that  the  total  costs  of  labor  and  overhead  alone 
for  chip  removal  in  the  U.S.  is  40  billion  dollars  annually.  This  con¬ 
servative  estimate  is  based  on  the  total  of  approximately  2,500,000 

metal  cutting  machine  tools  in  active  use,  8  hours  per  day,  5  days  per 
week  and  an  average  of  labor  cost  +  overhead  of  $8.00  per  hour.  Further 
perspective  of  the  magnitude  of  importance  of  this  industry  is  gained 
by  reviewin'*  other  statistics.  An  article  titled,  "69  Outlook,  Part  1, 
Economic  ",  published  in  the  American  Machinist,  January  27,  1969, re¬ 
ports  that  metalworking  manufacturers  shipped  about  246  billion  dollars 
worth  of  goods  in  1968,  which  represented  28.6%  of  the  Gross  National 
Product.  Machining,  naturally,  is  a  very  important  segment  of  the  metal¬ 
working  field.  The  same  article  cites  statistics  on  research  and  de- 
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velopment  spending.  Quoting  this  article,  ‘‘In  1968,  research  and  devel¬ 
opment  expenditures  by  metalworking  manufacturers  topped  14  billion 
dollars,  accounting  for  nearly  80%  of  the  total  spent  by  ail  industry 
for  R  4  D”. 

Potential  for  AFMDC  Services  to  Industry  (Figure  ,15,  page  55) 


The  statistics  shown  in  Figure  35,  page  55,  indicate  that  five  major 
SIC  Groups  provide  a  vast  potential  for  utilization  of  AFMDC  services 
and  they  have  been  the  primary  groups  submitting  inquiries  to  AFMDC. 
The  left-hand  side  of  the  chart,  Figure  35,  page  55,  provides  a  statis¬ 
tical  summary  of  metalworking  plants  consisting  of  a  partial  SIC  list 
taken  from  Dun  and  Bradstreet  Metalworking  Directory,  1967-68.  The  right- 
hand  side  of  the  chart  summarizes  AFMDC  inqu.ries  for  the  same  SIC  clas¬ 
sifications. 

As  would  be  expected,  the  largest  number  of  inquiries  have  been  re¬ 
ceived  from  Major  Group  37,  Transportation  Equipment,  Four  of  the  SIC 
Industrial  Classifications  within  this  group  are:  3721  -  Aircraft  and 
Missiles;  3722  -  Aircraft  Engines  and  Parts;  3723  -  Aircraft  Propellers 
and  Propeller  Parts;  and  3729  -  Aircraft  Parts  and  Auxiliary  Equipment. 

A  second  significant  source  of  inquiries  is  Major  Group  35,  Machinery 
Except  Electrical.  Some  of  the  important  industries  included  in  this 
group  are  Machine  Tools-Metal  Cutting  Types,  Machine  Tool  Accessories 
and  Measuring  Devices  and  Machine  Shops  -  Jobbing  and  Repairing.  The 
statistics  from  Dun  and  Bradstreet ’ s  Metalworking  Directory  display  a 
vast  economic  environment  for  AFMDC  operations.  Metalworking  is  the 
prime  activity  for  five  major  groups  alone,  comprised  of  29,431  com¬ 
panies  (20  or  more  employees),  employing  6,900,557  individuals.  There 
are  20,063  other  companies  (20  or  more  employees),  for  which  metal¬ 
working  is  a  secondary  activity.  Dun  and  Bradstreet  reports  that  21,364 
of  the  38,383  listings  in  its  Metalworking  Directory  perform  machining 
operations.  Although  no  specific  statistics  can  be  quoted,  there  is  no 
doubt  that  there  is  even  a  larger  number  of  firms  (employing  less  than 
20  individuals),  whose  major  activity  is  machining.  Considering  that  to 
date  there  has  been  a  total  of  1,417  organizations  which  have  submitted 
inquiries  to  AFMDC  speaks  for  itself  regarding  the  potential  increase 
in  services  that  is  possible  to  the  machining  industry. 

Cost  Savinas  Resulting  From  AFMDC  Operation  (Figure  36,  page  56) 

The  base  used  for  estimating  cost  savings  resulting  from  AFMDC’s  opera¬ 
tion  is  a  macluning  situation  which  is  defined  as  a  specific  material 
removal  operation  being  used  on  a  specific  material  with  definite  chemi¬ 
cal,  physical  or  mechanical  properties.  There  are  many  specific  para¬ 
meters  that  make  a  machining  situation  complex.  The  parameters  include: 
machining  operation,  work  material  and  its  metallurgical  and  physical 
characteristics  such  as,  microstructure,  hardness,  strength,  modulus  of 
the  elasticity,  etc.,  the  part  configuration,  dimensional  and  surface 
finish  tolerances,  the  machine  tool  being  utilized,  tool  material,  tool 
geometry,  cutting  fluid,  cutting  speed,  feed  and  tool  life. 
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This  inherent  complexity  of  a  machining  situation  naturally  reflects  it¬ 
self  in  a  high  cost  required  to  develop  the  proper  combination  of  para¬ 
meters  needed  to  effectively  perform  a  given  machining  operation. 

Several  members  of  the  AFMDC  staff  have  had  direct  and  extensive  experi¬ 
ence  in  the  development  and  application  of  machining  data,  particularly 
in  aerospace  plants.  A  major  part  of  the  experience  has  been  in  increas¬ 
ing  productivity  of  existing  machining  operations,  establishing  effec¬ 
tive  machining  parameters  for  new  production  operations  and  solving  pro¬ 
blems  being  encountered  on  critical  operations. 

It  has  been  the  experience  of  the  staff  members  of  AFMDC  that  the  selec¬ 
tion  of  the  proper  combination  of  machining  parameters  can  result  in 
major  cost  savings.  The  most  common  method  practiced  in  arriving  at  a 
workable  set  of  conditions  is  that  of  "hit  or  miss".  This  is  a  costly 
method  and  manifests  itself  in  high  expenditure  of  time,  broken  cutting 
tools,  costly  scrapped  parts  and  schedule  delays.  One  alternative  is 
the  systematic  generation  of  the  required  mach inabi 1  i  ty  data  in  a  mach* 
inability  laboratory  or  on  a  production  machine.  This  method  is  effec¬ 
tive  but  also  time  consuming  and  costly.  Ofttimes,  production  schedules 
do  not  permit  the  required  time. 

The  concensus  of  these  AFMDC  staff  members  is  that  the  dollar  value  of  a 
set  of  recommended  parameters  for  one  machining  situation  given  in  re¬ 
sponse  to  an  inquiry  is  very  conservatively  $800.00,  and  usually  runs 
into  thousands  of  dollars.  Thus,  the  $800.00  value  assigned  in  the  cost 
analysis  for  a  set  of  evaluated  parameters  applicable  to  a  specific  ma¬ 
chining  situation  is  indeed  ultra  conservative.  This  is  particularly 
true  in  the  case  of  a  specific  inquiry  for  which  there  is  almost  invari¬ 
ably  an  immediate  need  for  reliable  data. 

For  the  purposes  of  this  report  a  value  of  $300.00  was  assigned  for  the 
cost  saving  resulting  from  the  application  of  one  set  of  data  utilized 
from  an  AFMDC  data  product.  Each  data  product  issued  from  the  Center  was 
in  response  to  an  AFMDC  data  product  announcement,  or  was  sold,  A  rela¬ 
tive  few  wore  used  in  response  to  an  inquiry  in  those  cases  where  the 
data  product  was  directly  applicable.  It  is  reasonable  to  assume  that 
each  individual  who  received  an  AFMDC  data  product  had  a  need  for  some 
portion  of  the  published  data.  Each  of  the  data  products  contain  hun¬ 
dreds,  and  in  some  cases  thousands,  of  recommendations  for  machining 
situations.  In  the  cost  analysis  presented  in  this  report  it  has  been 
assumed  that  only  the  one  individual  who  received  the  data  product  used 
it.  Further,  it  was  assumed  that  he  applied  only  five  machining  situa¬ 
tions  from  the  product.  These  assumptions  are  most,  conservative. 

Very  conservatively  it  has  been  estimated  that  a  total  of  $45,093,500.00 
c o 8 1  savings  to  AFMDC  Users  has  resulted  from  the  operation  in  4-3/4 
years.  These  savings  are  attributed  to  the  Center’s  response  to  specific 
inquiries  and  its  data  products.  Figure  36,  page  56,  presents  the  per¬ 
tinent  statistics  used  to  make  the  aforementioned  estimated  cost  sav¬ 
ings.  Considering  the  total  funds  made  available  to  AFMDC  during  this 
4-3/4  year  Deriod,  for  each  dollar  expended  there  was  a  return  of  ap- 


proximate  ly  *45.00  i  r.  effected  cost  savings.  If  the  services  provided 
by  AFMDC  were  net  available,  the  cost  to  the  Government  and  industry 
would  by  far  exceed  the  *45,093,500.00  figure.  This  conclusion  was  sub¬ 
stantiated  by  examples  provided  by  industry  of  the  value  of  the  Cen¬ 
ters’  services  and  cited  in  an  AFMDC  report,  ‘‘Cost  Savings  Resulting 
From  The  Operation  Of  The  Air  Force  Mach i nab i 1 i ty  Data  Center’’,  July 
29,  1968. 

Considerable  value  must  also  be  placed  on  what  timely  and  reliable  ma¬ 
chining  information  has  on  eliminating  or  minimizing  production  delays. 
It  is  not  possible  to  assess  dollar  values  for  such  cases,  but  signifi¬ 
cant  emphasis  should  be  placed  on  the  impact  of  production  delays.  An¬ 
other  value  of  r-'  '  table  machining  data  that  is  extremely  difficult  to 
place  in  terms  of  dollars  is  its  importance  on  the  quality  and  integ¬ 
rity  of  machined  parts.  The  majority  of  companies  involved  in  machining 
dc  not  have  proper  facilities  or  capability  to  develop  good  reliable 
machining  data.  Those  that  generate  this  duta  do  so  et  a  very  high  cost, 
very  often  at  the  expense  of  the  Government. 

AFMDC  Plans  For  Recovery  of  Output  Costs  (Figure  37,  page  57) 

In  July  1968,  Mr.  John  S.  Foster,  Jr.,  Director  of  the  Defense  Research 
and  Engineering,  Department  of  Defense,  issued  a  memorandum  titled, 
‘‘Plans  for  Charges  at  Information  Analysis  Centers’’.  Mr.  Foster  re¬ 
quested  a  plan  whereby  all  output  costs  encountered  by  AFMDC  be  recov¬ 
ered  by  an  orderly  transition  to  a  schedule  of  charging  for  services 
provided  by  the  Center.  Such  a  plan  has  been  developed. 

The  three  services  provided  by  AFMDC  that  are  considered  output 
are: 

1.  Answers  To  Specific  Inquiries 

2.  Data  Products 

3 .  Special  Seminars 

The  most  signiiicant  area  of  the  three  with  respect  to  cost  is  answering 
of  specific  inquiries.  Therefore,  the  major  effort  made  in  developing  a 
plan  was  devoted  to  this  aspect  of  AFMDC  output.  An  analysis  was  made 
of  a  cross  section  of  AFMDC  inquirers  and  the  estimated  cost  savings  as¬ 
sociated  with  the  inquiry  services  to  them  (see  Figure  37,  page  57).  The 
analyses  of  inquiries  consisted  of  identifying  the  number  of  machining 
situations  involved  and  assigning  a  C09t  saving  of  *800.00  per  machining 
situation.  The  proposed  inquiry  charges  were  then  calculated,  using  as 
n  base  the  saving  of  *50.00  for  each  one  dollar  invested.  Using  the  in¬ 
quiry  analyses  as  a  base,  fourteen  major  company  users  were  contacted 
relative  to  their  reaction  to  subscription  fees  for  AFMDC  inquiry  ser¬ 
vices.  Based  on  these  contacts  and  the  Center’s  judgements,  the  plan  for 
recovery  of  inquiry  output  costs  was  prepared. 


To  simplify  the  paper  work  involved  in  charging  for  inquiries  against 
an  annual  subscription  fee,  AFMDC  will  categorize  inquiries  by  the  fol¬ 
lowing  five  types: 

1.  Information  on  several  operations  on  several  material  groups. 

2.  General  machining  concepts  (Uniterm  type)  inquiries,  such  as  in- 
form-tion  on  cutting  fluids,  surface  integrity,  safety  practices, 
tool  material  properties,  etc. 

3.  Information  pertaining  to  new  machining  processes,  mach i nab  i  1  i  ty 
research,  setting  time  standards  and  production  rates  in  machining. 

4.  Recommendations  for  a  specific  machining  situation  and  comparison 
of  one  material  or  process  with  another. 

5.  Requests  for  specific  documents,  reports,  books,  papers,  abstracts, 
bibliographies,  evaluations  or  translations  of  reports,  books  or 
papers. 

Different  charges  will  be  made  for  each  category  of  inquiry  depending  on 
i  t  s  com  pi  ex  i  ty  . 

Potential  subscribers  to  AFMDC  inquiry  services  will  be  given  detailed 
information  on  services  that  have  been  provided  to  them.  This  will  in¬ 
clude  synopsis  of  inquiries,  the  persons  who  received  the  inquiry  re¬ 
sponses  and  the  estimated  cost  savings  associated  with  the  inquiries. 
Thus,  management  can  use  th i s  '  informat  ion  to  evaluate  the  impact  that 
AFMDC  services  had  in  the  solution  of  machining  problems  and  the  resul¬ 
tant  cost  savings. 

The  Center  will  continue  to  prepare  timely  and  useful  data  products.  It 
is  planned  that  charges  for  these  data  products  will  be  such  that  they 
will  offset  the  cost  of  their  preparation  and  printing.  A  very  important 
data  product  that  will  become  available  to  the  machining  industry  Sep¬ 
tember  1970  is  a  revision  of  the  Machining  Data  Handbook.  Considerable 
additions  and  revisions  will  be  made  to  the  current  edition  of  the  hand¬ 
book  . 

AFMDC  plans  to  periodically  conduct  special  seminars  on  subjects  of  high 
interest.  Costs  involved  with  these  seminars  consist  of  preparation  of 
technical  material,  time  spent  at  seminars,  travel  cost  and  cost  for 
published  material  to  be  disseminated  at  the  seminar.  To  recover  these 
costs  attendees  will  be  charged  the  appropriate  fees. 

Future  Planning  (page  58) 

It  is  planned  that  a  revised  Machining  Data  Handbook  will  be  published 
in  September  1970.  The  current  edition  contains  605  pages  of  which  410 
are  concerned  with  machining  recommendations.  The  balance  of  the  book 


consists  cf  various  other  useful  machining  information.  The  revision 
will  not  only  update  the  existing  machining  data  and  information,  but 
will  also  have  major  additions.  It  will  require  considerable  effort  to 
perform  this  task. 

AFMDC,  as  well  as  other  DoD  funded  Information  Analysis  Centers  were  re¬ 
quested  to  plan  for  recovery  of  output  costs.  A  broad  plan  was  devel¬ 
oped,  but  considerable  detailed  work  must  be  accomplished  prior  to  the 
time  when  inquiry  service  charges  are  instituted.  This  work  involves 
preparation  of  cost  savings  analyses  related  to  inquiry  responses  to  the 
important  AFMDC  Users.  These  analyses  and  related  information  are  nec- 
cessary  for  the  management  of  potential  subscribers  to  AFMDC  in  order  to 
to  make  cost  decisions. 

An  orderly  transition  to  a  schedule  of  charging  for  inquiry  services 
will  begin  during  the  first  half  of  calendar  year  1970. 

Preparation  of  data  products  is  a  major  output  of  the  Center  and  re¬ 
quires  substantial  effort  and  cost.  Recovery  of  cost  is  entirely  de¬ 
pendent  on  the  sale  of  these  data  products.  For  the  next  data  product 
to  be  completed,  namely,  the  Revision  of  the  Machining  Data  Handbook,  it 
will  be  necessary  to  have  a  high  volume  of  sales  of  this  book  in  order 
to  recover  costs  incurred  in  its  preparation  and  publication.  It  is 
planned  to  generate  high  sales  volume  by  sending  announcements  to  the 
approximately  5000  persons  in  the  Center’s  User  File,  by  use  of  mailing 
lists  obtained  from  various  sources  listing  organizations  in  the  ma¬ 
chining  field  and  by  effecting  announcements  in  technical  journals  of 
the  availability  and  content  of  the  handbook. 
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Center  covering  period  October  1,  1968  through  July  31,  1969  (Contract 
F33615-69-C-1112) .>Three  thousand  and  seven  hundred  and  eighty  (3,780) 
documents  were  processed  from  which  33,868  cards  were  key  punched.  Cur¬ 
rently,  there  are  19,721  evaluated  documents  and  149,951  punched  cards 
in  AFMDC  files.  One  thousand  and  one  hundred  and  forty  one  (1,141) 
specific  inquiries  were  answered  for  520  different  organizations,  rep¬ 
resenting  753  individuals  in  106  different  SIC  categories  in  this  10- 
month  period.  The  average  number  of  inquiries  was  114  per  month.  Since 
the  Center’s  operation  began  in  October  1964  a  total  of  4,456  specific 
inquiries  have  been  processed. 

Statistics  are  presented  on  cost  savings  by  AF.MDC  Users.  Through  July 
31,  1969  it  has  been  estimated,  very  conservatively,  that  these  savings 
amount  to  *45,093,500.00. 

A  summary  is  presented  of  AFMDC’s  proposed  output  recovery  cost  plans. 

Work  continued  on  investigating  relationships  between  machining  vari¬ 
ables  and  work  materials. 
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